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ABSTRACT
THE CRYSTAL AND MOLECULAR STRUCTURE 
OF TRISf ORTHO-AMINOBENZOATO)AQ.UOYTTRIUM( I I I )
"by
SHARON MARTIN BOUDREAU 
U n iv e rs i ty  o f  New H am pshire S ep tem ber, 1979
The c r y s t a l  and  m o le c u la r  s t r u c tu r e s  o f  t r is (o r th o - a m in o b e n ­
z o a to  )aq u o y ttr iu m ( I I I )  have been  d e te rm in e d  u s in g  th r e e  d im e n s io n a l 
x - ra y  d i f f r a c t i o n  d a ta  g a th e re d  on m u l t ip le - f i lm ,  e q u i - i n c l in a t io n ,  
i n te g r a t e d  W eissenberg  p h o to g rap h s  ta k e n  a b o u t th e  [ 010] c r y s t a l  a x i s .  
F u r th e r  d a ta  w ere c o l l e c t e d  w ith  i n te g r a t e d  p r e c e s s io n  p h o to g ra p h s .
The i n t e n s i t i e s  were r e a d  u s in g  a  Welch D en sich ro n . The compound
c r y s t a l l i z e s  i n  th e  m o n o c lin ic  sp ace  g ro u p , C 2 /c , w ith  e ig h t  m o lecu les
o o  o
i n  a  u n i t  c e l l  o f  d im e n s io n s : a  = 3 0 .8 9 ( l)A , b  = 9 .0 9 ( l)A , c  = l4 .8 5 ( l ) A ,
and >6 = 109 »3(1 )°« The s t r u c t u r e ,  e x c lu d in g  hydrogen  a tom s, was so lv e d
from  P a t te r s o n  and e le c t r o n  d e n s i ty  maps and r e f i n e d  by l e a s t  sq u a re s
m ethods to  a  f i n a l  c o n v e n tio n a l  R f a c t o r  o f  8.1%. The y t tr iu m  atom i s
a t  th e  c e n te r  o f  a  d i s t o r t e d  o c ta h e d ro n  o f  c h e la te  oxygen atom s ( a v e r -
o
age Y— O g h eia te  = 2 .^ 2 ( 2 )a )  capped  on one f a c e  by th e  w a te r  m olecu le  
( Y— = 2 .3 0 ( 2 ) a ) .  Each o r th o -am inobenzoate  l ig a n d  a c t s  a s  a  b i -  
d e n ta te  l ig a n d ,  b u t  th e  two s i t e s  o f  a tta c h m e n t a r e  n o t a s s o c ia te d  w ith  
th e  same y t t r iu m  atom r e s u l t i n g  i n  s ix  o r th o -am inobenzoate  r e s id u e s  
co u p led  to  each  y t t r iu m  atom . T h is  bond ing  c o n f ig u r a t io n  g e n e ra te s  a  
s t r u c tu r e  i n  which each  y t tr iu m  atom i n  th e  ( 1 0 0 ) p la n e  i s  a t t a c h e d  to
two o th e r  y t t r iu m s  v ia  c a rb o x y la te  b r id g e s  to  g iv e  p a r a l l e l  s e t s  o f  
p o ly m eric  c h a in s  c o in c id e n t  w ith  th e  (100 ) p la n e .  I t  i s  s u g g e s te d  
t h a t  t h i s  p o ly m eric  c h a r a c te r  a c c o u n ts  f o r  th e  ex trem e i n s o l u b i l i t y  
o f  th e  t r i s ( o r th o -a m in o b e n z o a to )a q u o y ttr iu m (I I I ) .  T h is  m odel a p p e a rs  
to  be th e  b e s t  one b a sed  on th e  a v a i l a b l e  d a ta .
S in g le  c r y s t a l s  o f  z i n c ( l l )  and la n th a n u m ( l l l )  a n th r a n i l a t e s  
have a l s o  been  grown and  c u r r e n t  r e s e a r c h  i s  in v o lv e d  i n  th e  s t r u c tu r e  
d e te rm in a tio n  o f  th e s e  com plexes f o r  a  d i r e c t  com parison  w ith  th e  
y t t r iu m  com plex.
x
PART ONE
THE SYNTHESIS OF METAL COMPLEXES 
OF ORTHO-AMINOBENZOIC ACID
PART ONE
I .  INTRODUCTION
O rth o -am inobenzo ic  a c id  ( a n t h r a n i l i c  a c id )  i s  an  im p o r ta n t  p r e ­
c u r s o r  to  t ry p to p h a n , one o f  th e  tw en ty  b i o lo g i c a l ly  im p o r ta n t  -am ino 
a c id s .  I n  a d d i t io n ,  t h i s  a c id  form s s t a b l e ,  h ig h ly  in s o lu b le  compounds
w ith  a  v a r i e ty  o f  d iv a l e n t  and  t r i v a l e n t  m e ta ls  and  may be u se d  a s  a
1 2r e a g e n t  f o r  q u a n t i t a t i v e  d e te rm in a tio n s  o f  th e s e  m e ta ls .  '
T h is  f i r s t  p a r t  o f  th e  r e s e a r c h  in v o lv e s  th e  s y n th e s i s  and c h a ­
r a c t e r i z a t i o n  o f  a  s e r i e s  o f  m e ta l c h e la te s  o f  a n th r a n i l i c  a c id .  These 
m e ta l a n th r a n i l a t e s  in c lu d e  m a n g a n e s e ( l l) ,  c o b a l t ( l l ) ,  n i c k e l ( l l ) ,  
z i n c ( l l ) ,  c a d m iu m (ll) , y t t r i u m ( l l l ) ,  and l a n th a n u m ( l l l ) .  C o p p e r ( l l )  
c h e la te s  o f  some a ro m a tic  amino a c id s  have been  shown to  have a n t i ­
in flam m ato ry  and a n t i - u l c e r  a c t i v i t y ,  n o t  e x h ib i te d  by th e  p a re n t  a c id  
a lo n e . T h is s u g g e s ts  th e  p o s s i b i l i t y  o f  a  te m p la te  o r  m im icry e f f e c t ,  
r e l a t e d  to  th e  m o le c u la r  s t r u c t u r e .  In  o rd e r  to  d e te rm in e  th e  s t r u c ­
t u r a l  s k e le to n  o f  th e s e  a n t h r a n i l a t e  com p lexes , s in g l e  c r y s t a l s  m ust 
be made a v a i l a b l e .  U n t i l  some s t r u c tu r e s  a r e  known, c o n s id e r a t io n s  
o f  th e  b io lo g ic a l  e f f e c t s  w i l l  be h in d e re d . Thus th e  f i r s t  o b je c t iv e  
was th e  grow th  o f  s in g l e  c r y s t a l s .
A d i f f u s io n  a p p a ra tu s  s p e c i a l l y  d e s ig n e d  to  m inim ize s o lu t io n  
c o n v e c tio n  d u r in g  c r y s t a l  g row th  and s im p l i f y  c r y s t a l  rem o v a l, has 
made p o s s ib le  th e  grow th o f  s in g le  c r y s t a l s  o f  many o f  th e  s tu d ie d  
com plexes o f  th e  o r th o -am inobenzoate  l ig a n d .  S in g le  c r y s t a l s  o f  z in c ,
1
2m anganese, c o b a l t ,  cadmium, y t t r iu m , and lan thanum  com plexes o f  th e
o rth o -a m in o b en z o a te  w ere s u c c e s s f u l ly  grown. Many o f  th e s e  c r y s t a l s
w ere w e ll  form ed s u i t a b l e  f o r  s in g l e  c r y s t a l  x - r a y  d i f f r a c t i o n  s tu d i e s .
The d e t a i l s  o f  th e  em ployed d i f f u s io n  a p p a ra tu s  w i l l  be d e s c r ib e d  i n
d e t a i l  l a t t e r  i n  t h i s  t h e s i s .
R esea rch  i n  th e  a r e a  o f  s t r u c t u r a l  d e te rm in a tio n s  i s  o f  i n t e r e s t
becau se  some m e ta l c h e la te s  e x h ib i t  a n ti- in f la m m a to ry  a c t i v i t y .  A r e -  
3
p o r t  by S o ren so n  ^ su g g e s te d  t h a t  co p p er m ig h t be a  com ponent o f  th e
a c t iv e  m e ta b o li te  o f  c l i n i c a l l y  u sed  a n ti- in f la m m a to ry  a g e n ts ,  and  t h a t
co p p er c h e la te s  were a c t i v e  m e ta b o l i te s .  There was a  m arked in c r e a s e
i n  a c t i v i t y  by co p p er c h e la te s  o f  c h e la t in g  a g e n ts  which th em se lv es
e x h ib i te d  no a c t i v i t y .  A n t i - u lc e r  a c t i v i t y  h as  a l s o  been  d e m o n s tra te d ,
and i t  was r e p o r t e d  t h a t  th e r e  was a  d e c re a s e  i n  t o x i c i t y  r e l a t i v e  to
th e  p a r e n t  s u b s ta n c e .  A su b se q u e n t r e p o r t  l i s t e d  th e  a c t i v i t y  d a ta
h
f o r  a  number o f  co p p er compounds. In c lu d e d  i n  t h i s  l i s t  w ere com- 
p a r i t i v e  s tu d i e s  o f  c u p r ic  a c e t a t e ,  o b se rv e d  to  be more a c t i v e  th a n  
h y d ro c o r t is o n e  i n  th e  c a rra g e e n a n  f o o t  edema m odel o f  in fla m m atio n , 
w ith  th e  a c t i v i t i e s  o f  L- and D -try p to p h a n , a n t h r a n i l i c  a c id ,  and 3» 
5 - d i i s o p r o p y l s a l i c y l i c  a c id  co p p er com plexes. In  a l l  c a se s  th e  copper 
c o o rd in a t io n  compounds w ere more a c t i v e .
I f  th e  fo rm a tio n  o f  a  c h e la te  i s  n e c e s s a ry  f o r  th e  enhanced a c t i v ­
i t y  o f  th e  p a re n t  compounds, such  fo rm a tio n  sh o u ld  be d e m o n s tra te d . The 
o b se rv e d  a c t i v i t y  i s  a p p a re n tly  n o t  due to  th e  p a re n t  l ig a n d ,  no r to  th e  
m e ta l io n  i t s e l f .  I f  t r a n s p o r t  o f  th e  m e ta l i s  a  f a c t o r ,  th e n  th e  e f f e c t  
o f  th e  u n c h e la te d  com plexes sh o u ld  e q u a l th o s e  o f  th e  c h e la te d  com plexes. 
Such does n o t seem to  be th e  c a s e ,  which s t r o n g ly  s u g g e s ts  t h a t  th e  a c ­
t i v i t y  i s  somehow r e l a t e d  to  th e  ty p e  o f  c o o rd in a t io n  and s te r e o c h e m is try
3a s s o c ia te d  w ith  th e  com plex. R e s u l ts  ^ s u g g e s t  th e  p o s s i b i l i t y  o f  a  
te m p la te  o r  m im icry e f f e c t ,  r e l a t e d  to  th e  m o le c u la r  s t r u c t u r e .  U n t i l  
some s t r u c t u r e s  a r e  known, c o n s id e r a t io n s  o f  such  e f f e c t s  w i l l  be h in ­
d e re d .
The l im i t e d  amount o f  s te re o c h e m ic a l  and s t r u c t u r a l  in fo rm a tio n
a v a i l a b le  f o r  s e v e r a l  o f  th e  d iv a l e n t  m e ta l o r th o -am inobenzoates a r e  a t
v a r ia n c e .  Sandu e t  a l . ^  p ro p o se  a  s t r u c tu r e  i n  which th e  o r th o -  amino
b e n z o a te  a c t s  a s  a  t r i d e n t a t e  l ig a n d ,  g iv in g  r i s e  to  a  d i s t o r t e d  o c ta -
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h e d ra l  c o o rd in a t io n  a b o u t c o p p e r. Khakimov e t  a l .  a l s o  con c lu d e  i n
g
fa v o r  o f  th e  d i s t o r t e d  o c ta h e d ra l  s t r u c t u r e .  H i l l  and C urran  , D ecker
9 10 11and F ry e  , Inom ata , and Ism a ilo v  a l l  a d v o c a te  a  sq u a re  p la n a r
s t r u c tu r e  i n  which th e  o r th o -am inobenzoate  i s  b id e n ta te .
12  13Lange and H aen d ler ’ have i n  f a c t  co n firm ed  th e  d i s t o r t e d  
o c ta h e d ra l  c o o rd in a t io n  f o r  b i s ( o r th o -a m in o b e n z o a to )c o p p e r( I I ) u s in g
th r e e  d im e n s io n a l X -ray  d i f f r a c t i o n  d a ta .  C^HgNC^H^COO)^ c r y s t a l l i z e s
, o
in  th e  m o n o c lin ic  sp ace  g roup  P 2 ^ /c , w ith  c e l l  d im ensions a  = 12.95A ,
b = 5 .2 5 # , c = 9-39A , and = 93*3 • A n is o tro p ic  te m p e ra tu re  r e f i n e ­
ment gave a  c o n v e n tio n a l  R = 3.1%.  Each co p p e r atom h a s  d i s t o r t e d  o c ta  
h e d ra l  c o o r d in a t io n .  F ou r e q u a to r ia l  p o s i t i o n s  a r e  o ccu p ie d  by two 
amino n i tro g e n s  and two c a rb o x y la te  oxygens w ith  b o th  th e  n i t ro g e n s  and 
oxygens i n  t r a n s  p o s i t i o n s .  The a x i a l  p o s i t io n s  a re  o ccu p ied  by two 
c a rb o n y l oxygens, each  o f  which b e lo n g s  to  a  d i f f e r e n t  o r th o -am inoben- 
z o a te  l ig a n d .  The r e s u l t i n g  mode o f  c o o rd in a t io n  i s  t h a t  each co p p er 
i n  th e  ( l 0 0 ) p la n e  i s  a t ta c h e d  to  fo u r  o th e r  c o p p e rs  v i a  c a rb o x y la te  
b r id g e s  to  g iv e  a  tw o -d im en sio n a l po ly m eric  s h e e t  c o in c id e n t  w ith  th e  
(1 0 0 ) p la n e .  T his p o ly m eric  netw ork  p ro b a b ly  a c c o u n ts  f o r  th e  ex trem e 
i n s o l u b i l i t y  o f  th e  com plex, ad e q u a te  f o r  a n a l y t i c a l  g ra v im e try . The
4m o le c u la r  s t r u c t u r e  i s  shown i n  F ig u re  1 .
The c o p p e r ( l l )  a n t h r a n i l a t e  com plex i s  one o f  a  r a r e  g roup o f
amino a c id  com plexes i n  which b o th  oxygens o f  th e  c a rb o x y la te  group
14a re  a c t i v e  i n  b o n d in g , and i s  un ique  i n  t h a t  each  c a rb o n y l oxygen 
b e lo n g s  to  a  d i f f e r e n t  l ig a n d .  How im p o r ta n t th e s e  v a r i a t i o n s  a r e ,  in  
te rm s o f  a c t i v i t y ,  s t i l l  needs to  be answ ered . Lange and H aen d ler have 
a ls o  r e p o r te d  th e  s i m i l a r i t y  betw een  th e  powder p a t t e r n s  o f  th e  co p p e r 
and z in c  com plexes. I n t u i t i v e l y ,  one would su rm ise  t h a t  th e  Zn— 0 d i s ­
ta n c e  would be s h o r t e r  th a n  th e  Cu— 0 d i s t a n c e .  P re lim in a ry  i n v e s t i g a ­
t io n s  have shown t h a t  th e  b is (o r th o -a m in o b e n z o a to )z in c ( I I ) a l s o  b e lo n g s  
to  th e  sp a ce  g roup  TZ^/c.  I t  i s  p o s s ib le  t h a t  a  s im i l a r  b u t  t e t r a h e d r a l  
c o o rd in a te d  s t r u c t u r e  e x i s t s  i n  th e  z in c  a n t h r a n i l a t e  com plex.
The p u rp o se  o f  t h i s  p a r t  o f  th e  r e s e a r c h  was to  s y n th e s iz e  a  s e r i e s  
o f  m e ta l c h e la te s  o f  a n t h r a n i l i c  a c id .  A number o f  th e s e  com plexes have 
been  r e p o r te d ,  b u t  i n  many c a s e s  th e  d e s c r ip t i v e  m a te r i a l  and d a ta  le a v e  
som eth ing  to  be d e s i r e d .  Two o b je c t iv e s  were k e p t  i n  mind: ( l )  to  grow 
s in g l e  c r y s t a l s  o f  a s  many v a r i e t i e s  o f  m e ta l a n th r a n i l a t e s  a s  p o s s ib le ;  
and ( 2 ) to  u t i l i z e  a v a i l a b l e  s in g l e  c r y s t a l s  f o r  a  s e r i e s  o f  s t r u c t u r a l  
s tu d i e s  on th e  com plexes form ed betw een  o r th o -am inobenzo ic  a c id  and m eta l 
io n s .  Many o f  th e s e  compounds axe in s o lu b le  in  w a te r  so  t h a t  d i f f u s io n  
m ethods o f f e r  good p o s s i b i l i t i e s  f o r  s in g l e  c r y s t a l  g row th .
The u l t im a te  g o a l o f  t h i s  s tu d y  i s  to  r e l a t e  s t r u c t u r a l  and bond­
in g  p r o p e r t i e s  o f  th e s e  compounds to  t h e i r  b io lo g ic a l  a c t i v i t y .  The 
t e s t i n g  o f  a n ti- in f la m m a to ry  a c t i v i t y  i n  a n im a ls  i s  beyond o u r c a p a b i l i ­
t i e s ,  b u t  i f  th e  s t r u c t u r e  c a n  be r e l a t e d  to  th e  mode o f  a c t i o n ,  o r  i f  
a  te m p la te  mechanism c a n  be s u b s ta n t i a t e d ,  th e  s ig n i f ic a n c e  f o r  th e  d e ­
velopm ent o f  im proved a g e n ts  would be c o n s id e r a b le .
1F ig u re  1
The M o lecu la r S t r u c tu r e  
o f  B is (o r th o -a m in o b e n z o a to )c o p p e r ( I I )
( c o p ie d  by p e rm is s io n  o f  Lange and H a e n d le r , 1975)
a0 (2)
0 (1)
I I .  EXPERIMENTAL
A. S t a r t i n g  M a te r ia ls
R eagen t g rad e  m anganese s u l f a t e ,  c o b a l t  s u l f a t e ,  z in c  s u l f a t e ,
G .P. g rad e  cadmium n i t r a t e  and a n a l y t i c a l  g rad e  n ic k e l  s u l f a t e  were ob­
ta in e d  from  F i s h e r .  A n a ly t ic a l  g rad e  y t t r iu m  n i t r a t e  and r e a g e n t  g rad e  
lan thanum  n i t r a t e  were p u rch a se d  from  A lf a .  The a n a l y t i c a l  g rad e  o r th o -  
am inobenzoic  a c id ,  o b ta in e d  from  E astm an, was used  w ith o u t f u r t h e r  pu ­
r i f i c a t i o n .  The p u r i t y  o f  th e  o r th o -am inobenzo ic  a c id  was co n firm e d  by 
i t s  e x c e l l e n t  m e ltin g  p o in t  (1A6-1A7 °  C ). ^
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B. P r e p a r a t io n  o f  Sodium O rth o -am in o b en zo ate  R eagen t
O rth o -am inobenzo ic  a c id  (3*0 S» 0 .0218  m ol) was d i s s o lv e d  i n
0 .1  N sodium  h y d ro x id e  (22  m l) . The r e s u l t i n g  s o lu t io n  was f i l t e r e d  
and th e n  d i lu t e d  to  100 ml w ith  d i s t i l l e d  w a te r . S m all am ounts o f  th e  
o r th o -am inobenzo ic  a c id  w ere added  to  th e  s o lu t i o n  u n t i l  i t  was j u s t  
a c id  to  l i tm u s .  The r e a g e n t  was l i g h t  y e llo w  i n  c o lo r  and was s to r e d  i n  
a  t i g h t l y  s to p p e re d , l i g h t - p r o o f  c o n ta in e r .
C. P r e p a r a t io n  o f  M eta l A n th r a n i la te s
The m e ta l a n th r a n i l a t e s  were p re p a re d  a c c o rd in g  to  a  p r e c i p i -  
t a t i o n  m ethod g iv e n  by P ro d in g e r . A 0 .01  M s o lu t i o n  o f  th e  a p p ro p r ia te
m e ta l s a l t  (200  m l) was h e a te d  to  b o i l i n g  i n  an  E rlenm eyer f l a s k .  The 
a n th r a n i l i c  a c id  r e a g e n t  ( 2 5 -3 0  m l) was added d ropw ise  to  th e  f l a s k ,  
r e s u l t i n g  i n  a  p r e c i p i t a t e  o f  th e  m e ta l a n t h r a n i l a t e .  The s o lu t i o n  was 
d ig e s te d  f o r  t e n  m in u tes  and th e n  a llo w e d  to  c o o l  b e fo re  f i l t r a t i o n .
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8The p r e c i p i t a t e s  w ere c o l l e c t e d  u nder vacuum on a  s in t e r e d  g la s s  f i l t e r ,  
washed w ith  a  d i l u t e  s o lu t io n  o f  a n t h r a n i l i c  a c id  r e a g e n t  (0 .0 0 1  M) and 
10 ml o f  e th a n o l .  The compounds were th e n  d r ie d  i n  a  vacuum d e s ic c a to r  
f o r  tw e n ty - fo u r  h o u rs .
D. P r e p a r a t io n  o f  S in g le  C r y s ta l s  o f  Z i n c ( l l ) ,  G o b a l t ( l l ) ,  C adm ium (ll) ,  
M a n g a n e s e ( l l) , Y t t r i u m ( l l l )  and L a n th a n u m (ll l)  A n th r a n i la te s
S in g le  c r y s t a l s  o f  in s o lu b le  com pounds'can  som etim es be grown 
by d i f f u s io n  o f  two. s o lu t io n s  w hich i n t e r a c t  to  form  a  s o l i d  by m e ta th e s is .  
M in im iz a tio n  o f  c o n v e c tio n  and rem oval o f  c r y s t a l s  w ith o u t f u r t h e r  m ixing  
o f  th e  s o lu t io n s  a re  o f te n  d i f f i c u l t .  These two problem s have been  a v o id ­
ed by a  m o d if ic a t io n  o f  th e  g e l - d i f f u s io n  a p p a ra tu s  o f  A rm ington and 
O 'C onnor. ^
The a p p a ra tu s  (F ig u re  2 ) c o n s i s t s  o f  two 125 ml ro u n d -b o tto m  
f l a s k s  w hich s e rv e  a s  r e s e r v o i r s  f o r  th e  r e a c t a n t  s o lu t i o n s .  Medium 
p o r o s i ty  f r i t t e d - g l a s s  d is k s  a r e  mounted i n  th e  s id e  a rm s, and th e  f l a s k s  
a re  c o n n e c te d , th ro u g h  s p h e r i c a l  j o i n t s ,  by a  d i f f u s io n  tu b e . The d i f ­
f u s io n  tu b e  i s  h e ld  i n  p la c e  by th e  u se  o f  clam ps and th e  e n t i r e  a p p a -
16r a t u s  i s  s u p p o rte d  W ith t r ip o d s  o r  r i n g  s ta n d s .
I n  u s e ,  th e  a p p a ra tu s  i s  a ssem b led , and th e  r e s e r v o i r s  a re  
f i l l e d  to  th e  l e v e l  o f  th e  bottom  o f  th e  d i f f u s io n  tu b e  w ith  th e  r e a g e n t  
s o lu t i o n s .  A s o lu t io n  o f  sodium  a n t h r a n i l a t e  (0 .0 0 2  M) i s  i n  one r e s e r ­
v o i r  and a  s o lu t io n  o f  th e  m e ta l  s a l t  (0..001 M) i n  th e  o th e r .  D i s t i l l e d  
w a te r  i s  added  th ro u g h  th e  c e n te r  tu b e  and th e  r e s e r v o i r s  a re  f i l l e d  to  
c a p a c i ty .  The a p p a ra tu s  i s  s to p p e re d  to  p re v e n t  e v a p o ra tio n  and p r o t e c t ­
ed from  exp o su re  to  l i g h t  to  a v o id  d e c o m p o s itio n  o f  th e  a n th r a n i l i c  a c id  
r e a g e n t .  Growth r e q u i r e s  2 -3  weeks f o r  w e ll-s h a p e d  c r y s t a l s  s u i t a b l e  
f o r  X -ray  w ork. A f te r  th e  fo rm a tio n  o f  c r y s t a l s  i n  th e  d i f f u s io n  tu b e ,
F ig u re  2









th e  r e s e r v o i r s  a r e  s lo w ly  d ra in e d  s im u lta n e o u s ly  th ro u g h  th e  s to p c o c k s  
u n t i l  th e  l e v e l s  a r e  below th e  c e n te r  tu b e , th u s  a v o id in g  f u r t h e r  m ix­
in g . The a p p a ra tu s  i s  d isc o n n e c te d  and th e  c r y s t a l s  a r e  rem oved, f i l ­
t e r e d ,  washed and a i r  d r i e d .
E. X -ray  Powder D i f f r a c t io n  P a t te r n s
A ll  X -ray  powder d i f f r a c t i o n  p h o to g rap h s  were ta k e n  w ith
o
e i t h e r  n i c k e l - f i l t e r e d  co p p e r r a d i a t i o n  (w av e len g th  = 1•541?8A) o r  man­
g a n e s e - f i l t e r e d  i r o n  r a d i a t i o n  (w av e len g th  = 1 .9373A ). Both th e  57*3 mm 
and 114 .56  mm P h i l i p s  cam eras were u t i l i z e d .  A l l  f i lm s  were r e a d  w ith  
a  N orelco  f i lm  re a d in g  s c a l e  and f i lm s  h a v in g  back  r e f l e c t i o n  l i n e s  
were c o r r e c te d  f o r  s h r in k a g e . The i n t e n s i t i e s  were e s t im a te d  v i s u a l ly
f o r  q u a l i t a t i v e  i d e n t i f i c a t i o n .  The d -sp a c in g s  were c a lc u la t e d  u s in g  a
17H e w le tt-P a ck a rd  HP 55 program .
F. E le m e n ta l A naly ses
1 . C arbon , H ydrogen, and N itro g e n
A ll  c a rb o n , h y d ro g en , and n i t r o g e n  a n a ly s e s  were done 
u s in g  an  F and M model I 85  CHN A n a ly z e r . A l l  th e  sam ples a n a ly z e d  
w ere d r ie d  i n  a  vacuum d e s ic c a to r  24 h o u rs  p r io r  to  a n a ly s i s .
2 . D e te rm in a tio n  o f  Y ttriu m  and Lanthanum
The m e ta l a n th r a n i l a t e s  s y n th e s iz e d ,  w ith  th e  e x c e p tio n  
o f  th e  y t t r iu m  and lan thanum  com plexes, can  be u sed  f o r  q u a n t i t a t i v e
a 0 «*2O
d e te rm in a tio n s  o f  th e s e  m e ta ls .  Y ttriu m  and lan thanum  were
d e te rm in e d  a s  th e  m e ta l  o x id e . W eighed sam ples o f  th e  m e ta l a n th r a ­
n i l a t e s  were h e a te d  i n  a  m u ff le  fu rn a c e  a t  700°  c f o r  th r e e  h o u rs . 
The p ro d u c ts  were w eighed as  th e  o x id e  (M = Y o r  L a ) .
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G. D e te rm in a tio n  o f  th e  E x is te n c e  o f  C o o rd in a te d  W ater M olecu les
i n  Z i n c ( l l ) ,  Y t t r i u m ( l l l ) ,  and L a n th a n u m (ll l)  A n th r a n i la te  Complexes 
D i f f e r e n t i a l  th e rm a l a n a ly s e s  were ru n  on a  F i s h e r  DTA,
Model 260F. A 2 mm i . d .  q u a r tz  c a p i l l a r y  was packed  w ith  a  ground 
sam ple o f  th e  com plex. The h e a t in g  r a t e  i n  a l l  c a s e s  was 10 °/m in . 
P l a t i n e l  and ch rom e-alum el th erm ocoup les  were used  w ith  th e  r e f e r e n c e  
ju n c t io n  im m ersed i n  an  i c e - w a te r  b a th .  I n  th e  c a s e  o f  th e  y t t r iu m  
com plex , f u r t h e r  a n a ly s e s  w ere ru n  on a  P e rk in -E lm e r D i f f e r e n t i a l  Thermo- 
g ra v im e tr ic  A n a ly zer u s in g  a  d i f f e r e n t i a l  s c a n n in g  c a lo r im e te r ,  DSC 2 . 
Runs w ere made u s in g  a  n i t r o g e n  a tm osphere  and m easured  w e ig h t l o s s  
o v e r th e  ra n g e  25~500° C. A h e a t in g  r a t e  o f 1 0 ° /m in . was u se d .
I I I .  RESULTS AND DISCUSSION
A. S in g le  C r y s ta l  Growth
S in g le  c r y s t a l s  o f  c o b a l t ( l l ) ,  z i n c ( l l ) ,  c a d m iu m (ll) , man- 
g a n e s e ( l l ) ,  y t t r i u m ( l l l ) , and  la n th a n u m (I I I )  a n th r a n i l a t e s  w ere s u c ­
c e s s f u l l y  o b ta in e d  from  th e  d i f f u s io n  m ethod. Time o f  grow th v a r ie d  
anywhere from  2 - 3  w eeks, r e s u l t i n g  i n  c r y s t a l s  r a n g in g  from  0 .0 5  mm x 
O.O5 mm to  2 .0  mm x 0 .1  mm i n  s i z e .  These c r y s t a l s  were found  to  be
com parable i n  q u a l i t y  to  th e  s in g le  c r y s t a l s  u sed  to  d e te rm in e  th e  s t r u c -
1 ?
t u r e  o f  b is ( o r th o - a m in o b e n z o a to )c o p p e r ( l l ) .
A ttem p ts  to  s y n th e s iz e  s in g l e  c r y s t a l s  o f  n i c k e l ( l l )  a n -  
t h r a n i l a t e  were u n s u c c e s s fu l ,  and c r y s t a l s  o f  th e  m anganese s p e c ie s  
were tw inned  i n  many c a s e s .  The g e n e ra l  a p p earan ce  o f  th e  d i f f u s io n  ap ­
p a ra tu s  d u r in g  c r y s t a l  grow th i s  shown i n  F ig u re  3»
The s c ie n c e  o f  grow ing c r y s t a l s  i s  r e a l l y  an  a r t ,  b u t  con ­
s id e r a b le  p ro g re s s  h a s  been  made i n  e s t a b l i s h in g  a  t h e o r e t i c a l  b a s i s  o f 
21 "23c r y s t a l  g row th . The shape o f  th e  s in g l e  c r y s t a l s  grown (R e fe r  to
T able  i )  depend to  a  c e r t a i n  e x te n t  upon th e  p ro c e s s  o f  g row th . In  
m o le c u la r  d i f f u s io n  th e  t r a n s p o r t  o f  m a t te r  to  th e  c r y s t a l  i s  much slow ­
e r  th a n  u nder o th e r  d i f f u s io n  c o n d i t io n s .  W ith t im e , th e  th ic k n e s s  o f 
th e  boundary l a y e r  in c r e a s e s  and th e  c o n c e n t r a t io n  g r a d ie n t  d e c re a s e s .  
L a rg e r  am ounts o f  m a tte r  te n d  to  r e a c h  p r o je c t in g  p a r t s  o f  a  c r y s t a l  
(ed g e s  o r  c o r n e r s )  r e s u l t i n g  i n  s u p e r s a tu r a t io n  g r a d ie n ts  a p p e a r in g  a lo n g  
f a c e s .  I f  th e s e  g r a d ie n ts  and th e  d im ensions o f  th e  c r y s t a l  a re  s m a ll ;  
a  f l a t - f a c e d  c r y s t a l  i s  o b ta in e d . In c r e a s in g  th e  s i z e  o f  th e  c r y s t a l  
and th e  s u p e r s a tu r a t io n  g r a d ie n ts  l e a d  to  a  s i t u a t i o n  where th e  su p p ly
13
F igu re  3
P ho tog raph  o f  th e  D if fu s io n  A pp ara tu s  i n  Use
■ , . ' i  m
Compound
Mn(H2NC6H4 C0 0 )2




T able  I
S y n th e s iz e d  M eta l Complexes o f  O rtho -am inobenzo ic  A cid
La(H2HC6H^COO),
A naly ses
P h y s ic a l  A ppearance M.P. C C alcd . Obsd.
t a n  h ex ag o n al shaped 3 50°; c h a rs 51-39 C 5 1 .4 4
tw inned  c r y s t a l s 3 .7 0 H 3-78
8 .5 6 N 8 .4 5
r e d  s p h e r i c a l  shaped > 3 5 0 ° 50 .77 C 50 .65
c r y s t a l s 3 .69 H 3-79
8 .46 N 8 .5 4
l i g h t  b lu e  powder >350° 5 0 .8 1 C 5 0 .1 2
3 .6 5 H 3-95
8 .46 N 8 .4 8
w h ite  hex ag o n al shaped 310° ;  c h a rs 4 9 .8 0 C 4 9 .2 0
c r y s t a l s ,  some tw in n in g 3 .5 8 H 3 .7 8
8 .29 N 8 .2 6
w h ite  n e e d le  c r y s t a l s 285° ;  c h a rs 43.71 C 4 3 .5 2
3 .1 4 H 3 .3 4
7 .2 8 N 7 .1 0
w h ite  n e e d le  c r y s t a l s , 330° 4 8 .9 5 C 4 8 .3 0
some s k e l e t a l  form s 3 .91 H 3 .9 4
8 .1 5 N 8 .2 4
1 7 .2 6 Y 17 .3 4
ta n  n e e d le  c r y s t a l s , 325°; c h a rs 46 .09 C 4 5 .9 8
some s k e l e t a l  form s 3 .3 2 H 3 .4 7
7 .6 8 N 7 .7 5
2 5 .3 8 La 2 5 .6 2
cr\
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o f  m a tte r  to  th e  m idd le  p a r t s  o f  th e  f a c e s  d e c re a s e s ,  so  much t h a t  th e  
c a v i t i e s  a p p e a r . S ubsequen t l a y e r s  c o v e r  t h i s  c a v i ty ,  and an  in c lu s io n  
o f  th e  s o lu t io n  may be c a p tu re d  by th e  c r y s t a l .  A t even g r e a te r  g r a ­
d ie n t s  and d im ensions o f  th e  f a c e s ,  th e  d e p o s i t io n  o f  m a tte r  o c c u rs
m ain ly  a t  th e  c o r n e r s ,  r e s u l t i n g  i n  th e  fo rm a tio n  o f  b ranched  c r y s t a l s
2kknown a s  c o rn e r  s k e l e t a l  fo rm s . U n lik e  d e n d r i t e s ,  s k e l e t a l  form s 
a re  s in g le  c r y s t a l s .
The fo rm a tio n  o f  n e e d le - l ik e  c r y s t a l s  i n  which th e  p la n e s  o f 
th e  r in g s  a r e  more o r  l e s s  norm al to  th e  n e e d le  a x i s ,  i s  a  common occu ­
re n c e  f o r  m o lecu le s  c o n ta in in g  p la n a r  a ro m a tic  r i n g  sy s te m s. Such i s  
th e  c a se  a s  th e  s y n th e s iz e d  cadmium, y t t r iu m , and lan thanum  a n t h r a n i l a t e s . 
The r e l a t i v e l y  s t ro n g  i n t e r a c t i o n  betw een  th e  Tf c lo u d s  o f  th e  r in g s  
c a u se s  more r a p i d  grow th i n  th e  s ta c k in g  d i r e c t i o n  a lo n g  th e  n e e d le  a x is  
th a n  a t  r i g h t  a n g le s  to  i t .
B. C h a r a c te r i z a t io n  o f  th e  Compounds
The m e ta l to  l ig a n d  r a t i o  was found  to  be 1 :2 i n  a l l  c a s e s
e x c e p t y t t r iu m  and lan thanum  where i t  was 1 :3 .  Powder f i lm s  gave c le a n
sh a rp  l i n e s  which a id e d  i n  in d e x in g . S i m i l a r i t i e s  were n o ted  betw een
th e  powder f i lm s  o f  c o b a l t ( l l )  and n i c k e l ( l l )  a s  w e ll  a s  z i n c ( l l )  and
cadm ium (ll) com plexes. Powder f i lm  d a ta  a r e  g iv e n  i n  th e  Appendix
w ith  in d ex in g  f o r  th e  y t t r iu m , z in c ,  and lan thanum  com plexes.
E lem en ta l a n a ly s e s  a r e  t a b u la te d  i n  T ab le  I .  D i f f e r e n t i a l  
25th e rm a l a n a ly s e s  J r e v e a le d  no endo therm ic peaks i n d ic a t iv e  o f  c o o r d i ­
n a te d  w a te r m o lecu les  f o r  th e  z i n c ( l l )  o r  l a n th a n u m ( l l l )  com plexes. On 
th e  o th e r  han d , th e  y t t r i u m ( I I I )  complex e x h ib i te d  an  endo therm ic peak  
betw een 105-125° C, s u g g e s t in g  c o o rd in a t io n  o f  w a te r .  F o r  com parison ,
18
a  d t a  o f  th e  r e p o r te d  p a ra -G ufH ^N C ^H ^C O O • 2H20^^ showed a  s im i l a r ,  
h u t  g r e a t e r  endo therm ic  peak  betw een  133-168° C, r e p r e s e n t in g  th e  l o s s  
o f  two c o o rd in a te d  w a te r  m o le c u le s . D i f f e r e n t i a l  th e rm o g ra v im e tr ic  
a n a ly s i s  showed a  w e ig h t l o s s  o f  3*30^ betw een  1 09 - 129°  G, i n  com p ariso n  
to  th e  c a lc u la t e d  w e ig h t l o s s  o f  3 *^9% f o r  one m o lecu le  o f  w a te r , f u r ­
t h e r  s u p p o r t in g  th e  e x is te n c e  o f  y t t r i u m ( l l l )  a n th r a n i l a t e  a s  th e  mono­
h y d r a te .  R e fe r  to  F ig u re  k .  T h is  o b s e rv a t io n  i s  i n  d isa g re e m e n t w ith  
th e  r e p o r t  by S u r g u ts k i i  s t a t i n g  t h a t  th e  y t t r i u m ( l l l )  com plex was 
n o t h y d ra te d .  The a u th o r 's  a n a ly s e s  and m ethod o f  p r e p a r a t io n  a r e  th e  
same a s  th e  work p re s e n te d  h e r e .  An X -ray  s t r u c t u r a l  d e te rm in a tio n  
sh o u ld  c l a r i f y  t h i s  d is c re p a n c y .
C. S u g g e s te d  F u tu re  R esea rch
The grow th  o f a  number o f  s in g le  c r y s t a l s  s u i t a b l e  f o r  X -ray  
s tu d ie s  o b v io u s ly  d i r e c t s  t h i s  r e s e a r c h  tow ard  s t r u c t u r a l  d e te r m in a t io n s .  
As many s t r u c t u r e s  a s  p o s s ib le  sh o u ld  be d e te rm in e d  i n  o rd e r  to  e s t a b ­
l i s h  some c r i t e r i a  f o r  t h e i r  b i o lo g ic a l  a c t i v i t y .  These s t r u c tu r e s  w i l l  
h o p e fu l ly  be u s e f u l  to  b i o l o g i s t s  and b io c h e m is ts  o f  th e  f u tu r e .
The d i f f u s io n  a p p a ra tu s  h as  s e v e r a l  p o s s i b i l i t i e s  open f o r  i n ­
v e s t i g a t i o n .  A ttem p ts  a t  grow ing s in g l e  c r y s t a l s  i n  d i f f e r e n t  m ed ia , 
such  a s  g e l s ,  m igh t p rove  i n t e r e s t i n g .  A lso  s tu d i e s  i n  o p t im iz in g  con ­
d i t i o n s  by changes i n  te m p e ra tu re  a n d /o r  c o n c e n t r a t io n  a re  f e a s i b l e .  
C om parative s tu d i e s  on th e  m eta  and p a ra  am inobenzoate  com plexes a r e  a ls o  
p o s s ib le  i f  s in g l e  c r y s t a l s  ca n  be grown. T h is  m ethod o f  c r y s t a l  grow th 
may n o t  o n ly  p rove  v a lu a b le  i n  t h i s  w ork, b u t  may be im p o r ta n t  i n  th e  
r e s e a rc h  o f  o th e r s  n eed ing  s in g le  c r y s t a l s  f o r  m o le c u la r  d e te r m in a t io n s .
F ig u re  k
Therm al G ra v im e tr ic  A n a ly s is  Curve f o r  T r i s ( o r th o -  
a m in o 'b e n z o a to )a q u o y ttr iu m (ll l)  i l l u s t r a t i n g  th e  
c o o rd in a t io n  o f  a  m o lecu le  o f  w a te r .
P E R C E N T  W E I G H T  L O S S
vjx •£- ^  ro m- o

































I .  INTRODUCTION
Y ttriu m  i s  a  member o f  th e  second  t r a n s i t i o n  m e ta l s e r i e s ,  b u t  i s  
f r e q u e n t ly  a s s o c ia te d  w ith  th e  la n th a n id e  g roup e le m e n ts . T h is  e lem en t 
h as  a  t r i p o s i t i v e  io n  w ith  a  n o b le  gas c o r e ,  and a s  a  r e s u l t  o f  th e  l a n ­
th a n id e  'c o n t r a c t i o n ' , h a s  b o th  a tom ic  and io n ic  r a d i i  ly in g  c lo s e  to
27-29th e  c o rre sp o n d in g  v a lu e s  f o r  te rb iu m  and d y sp rosium . In  n a tu r e ,  i t
i s  a ls o  g e n e r a l ly  found  w ith  members o f  th e  l a n th a n id e s ,  and re se m b le s
t e r b i u m ( l l l )  and d y s p ro s iu m ( l l l )  i n  i t s  compounds.
30A re v ie w  o f  th e  l i t e r a t u r e  p r i o r  to  19^5» shows a lm o s t a  com­
p le te  l a c k  o f  s t r u c t u r a l  d a ta  f o r  com plexes o f  th e  la n th a n id e  io n s .  In
more r e c e n t  y e a r s ,  th e  number o f  p u b lis h e d  r e p o r t s  i n  t h i s  a r e a  h a s  v a s t -  
31 -34ly  in c r e a s e d ,  l a r g e ly  a s  a  r e s u l t  o f  th e  in c re a s e d  a v a i l a b i l i t y  o f
advanced m ethods f o r  c o l l e c t i n g  X -ray  i n t e n s i t y  d a ta  and o f com puting 
f a c i l i t i e s .  N e v e r th e le s s , a lth o u g h  many com plex d e r iv a t iv e s  o f  th e  l a n ­
th a n id e  io n s  have been  d e s c r ib e d ,  th e  t o t a l  number known i s  much l e s s  
th a n  th e  number c h a r a c t e r i s t i c  o f  th e  d t r a n s i t i o n  m e ta l io n s .
A p p a re n tly  th e r e  a r e  s e v e r a l  f a c t o r s  which l i m i t  th e  number o f  l a n ­
th a n id e  com plexes and h in d e r  fo rm a tio n . To an  ap p ro a c h in g  l ig a n d ,  th e  
Ln n+ io n  i n  th e  ground s t a t e  r e p r e s e n t s  a  c o m p le te ly  p a i r e d ,  n ob le  gas
c o n f ig u r a t io n .  L igand f i e l d  s t a b i l i z a t i o n  e n e rg ie s  axe o n ly  o f  th e  o r -
-1 -1 d e r  o f  1 k c a l  mol , i n  com parison  to  100 k c a l  mol f o r  v a le n c y - s h e l l
3 c
o r b i t a l s  o f  th e  d t r a n s i t i o n  m e ta ls .  The la n th a n id e  io n s  axe t y p ic a l
21
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"h ard "  a c id s  i n  th e  P e a rso n  s e n s e .  J The m a jo r i ty  o f  th e  com plexes
t h a t  c a n  he i s o l a t e d  from  aqueous sy stem s c o n ta in  l ig a n d s  w ith  oxygen
37donor s i t e s .  L igands w ith  p u re  oxygen donors ( e . g . ,  o x a la te  and
Op pQ
/ 3 - d ik e to n a te  * ) o r  m ixed oxygen n i t r o g e n  d o n o rs  ( e . g . ,  e th y le n e -
4 0 \d ia m in e - N ,N ,N ',N '- te t r a a c e ta te  ) a r e  known. A lso  a  l im i te d  number
. Zjq .
o f  l ig a n d s  w ith  o n ly  n i t r o g e n  donor s i t e s  ( e . g . ,  1 , 1 0 -p h e n a n th ro l in e  )
have been  r e p o r t e d .  The w a te r  m o lecu le  i s  a ls o  a  v e ry  s t r o n g  l ig a n d
tow ard  th e  la n th a n id e  io n s  and com petes e f f e c t i v e l y  f o r  c o o rd in a t io n
s i t e s .  Under a lk a l in e  c o n d i t io n s ,  th e  h y d ro x y l io n  i s  an  even  s t r o n g e r
l ig a n d .  The s o l u b i l i t i e s  o f  th e  la n th a n id e  h y d ro x id e s  o r  O xides a re
sm a ll enough t h a t  p r e c i p i t a t i o n  o f  th e s e  compounds p re v e n ts  c o m p lex a tio n
by many l ig a n d s .
In  g e n e r a l ,  th e  c o o rd in a t io n  number o f  th e  la n th a n id e s  i s  o n ly
lf.2
r a r e l y  s i x ,  and h ig h e r  c o o rd in a t io n  numbers a p p e a r  to  be th e  r u l e .
T h is i s  a  consequence  o f  th e  c o m p a ra tiv e ly  l a r g e  s i z e  o f  th e  la n th a n id e
io n s .  D e f in i t iv e  d a ta  f o r  c o o rd in a t io n  numbers and m o le c u la r  geom etry
o f  y t t r iu m  compounds, a v a i l a b l e  from  X -ray  d i f f r a c t i o n  m ethods, i s
il.3 -.Z4i4,
s t i l l  q u i te  m eager. The m o le c u la r  geom etry  o f  known y t t r iu m
compounds however i s  q u i t e  v a r i e d ,  and th e  p r e s e n t  d i s c u s s io n  se ek s  
to  c o o rd in a te  some o f  th e  r e c e n t  f in d in g s .
23
A. C o o rd in a tio n  Number S ix
S ix  c o o rd in a t io n  i n  an  o c ta h e d ra l  geom etry  h as  been  e s ta b -
/ \ ^l i s h e d  f o r  h e x a k is a n t ip y r in e y t t r iu m  t r i - i o d i d e  ( 1 ) .  I n  t h i s  s t r u c -
+3
tu r e  th e  Y io n  o c c u p ie s  a  symmetry c e n t r e  a t  th e  o r ig i n  o f  th e  u n i t
+3
c e l l .  S ix  a n t ip y r in e  m o le c u le s  a re  o c ta h e d r a l ly  d is p o s e d  a b o u t th e  Y
io n  w hich i s  i n  k e ep in g  w ith  th e  s te re o c h e m ic a l  a rran g em en t p r e d ic te d
by v a le n c e -b o n d  and l ig a n d  f i e l d  t h e o r i e s .  C o o rd in a tio n  v ia  th e  c a r -
o






B. C o o rd in a tio n  Number Seven
A la r g e  number o f  po ly m eric  la n th a n id e  compounds c o n ta in  
m e ta ls  i n  sev en  c o o rd in a te  en v iro n m en ts , w ith  y t t r iu m  b e in g  no e x c e p tio n . 
Two o f  th e  th r e e  i d e a l  p o ly h e d ra  have been  shown to  e x i s t :  th e  capped
t r i g o n a l  p rism  (C*2 V)» and th e  capped  o c ta h e d ro n  ( C ^ ) .  To d a te ,  no
24-
y t tr iu m  compounds have e x h ib i te d  th e  t h i r d  p o s s ib le  p o ly h ed ro n , th e  
p e n ta g o n a l b ip y ra m id . T his may be due to  th e  l e s s  e f f i c i e n t  p a ck in g  
o f  th e  p e n ta g o n a l b ipy ram id  geom etry i n  com parison  to  th e  capped  o c ta ­
h ed ro n , which can  p ro v id e  much d e n se r  th re e -d im e n s io n a l  p a c k in g  i n  
p o ly m e rs .
31M u e tte r t ie s  and W righ t p o in t  o u t t h a t  th e  energy  d i f ­
f e r e n c e s  betw een th e  id e a l iz e d  shapes  a re  p ro b ab ly  sm a ll com pared w ith  
th e  in te r m o le c u la r  f o r c e s  g e n e ra te d  by o r d e r in g . T h e re fo re , g r e a t  c a re  
i s  n e c e s s a ry  i n  th e  c o n s id e r a t io n  o f  th e  s p e c i f i c  s e v e n -c o o rd in a te  
geom etry c o n s id e r in g  th e  r a t h e r  sm a ll d i f f e r e n c e s  o f  s p a t i a l  a r r a n g e ­
m ent. F ig u re  5 i l l u s t r a t e s  th e  id e a l iz e d  p o ly h e d ra  o b se rv ed  i n  y t t r iu m  
compounds.
1 . Capped T r ig o n a l P rism
T h re e -d im e n s io n a l X -ray  d i f f r a c t i o n  s tu d ie s  have shown
th e  t r i s ( a c e t y l a c e to n a t o ) a q u o y t t r iu m ( l I l )  m o le c u le , (Y^H^COCHCOCH-P^HgO),
48to  e x i s t  a s  a  monocapped t r i g o n a l  p r ism . The y t tr iu m  io n  i s  bonded to  
seven  oxygen a tom s, s i x  from  th e  c h e la t in g  l ig a n d  and one from  th e  ad -  
d u c t m o le c u le . The w a te r  m o lecu le  o c c u p ie s  a  p o s i t i o n  above a  r e c ta n g u ­
l a r  f a c e .  In d iv id u a l  t r i g o n a l  p r is m a t ic  g roups a re  hydrogen-bonded to  
each o th e r  th ro u g h  th e  a d d u c t m o le c u le s , and th e  c h e la t in g  l ig a n d s  span  
th e  t r i a n g u l a r  f a c e s .
4-9The s t r u c t u r e  o f  i s  a l s o  c h a r a c t e r i s t i c  o f  a
capped t r i g o n a l  p rism . There a re  t e n  in d ep e n d e n t y t t r iu m  atom s. T his
i s  an  example o f  a  m ixed s i x - f o l d  and s e v e n - fo ld  c o o rd in a te  s t r u c t u r e .
Four o f  th e  y t t r iu m  atom s a re  s e v e n -c o o rd in a te ,  a s  capped t r i g o n a l  p r is m s ,
and s ix  a r e  a s  s ix - c o o r d in a te  o c ta h e d ra . A nother m ixed system  e x i s t s  
50w ith  YgTiOj.. The y t tr iu m  atom s a re  su rro u n d e d  by oxygen atom s which
F igure 5
C o o rd in a tio n  P o ly h e d ra  o f  Y ttriu m  Compounds
O ctahedron
Capped O ctahedron
Capped T r ig o n a l P rism
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F ig u re  5 —Continued.
S quare  A n tip rism
D odecahedron
(sym m etry r e la te d ,  edges 
a r e  l a b e l le d )
T ricap p ed  T r ig o n a l Drism
27
form  i r r e g u l a r  t r i g o n a l  p rism s  capped  th ro u g h  one t r i a n g u la r  f a c e ,  and 
th e  g roups o f  p o ly h e d ra  a r e  h e ld  to g e th e r  by t i ta n iu m  io n s  which a re  
f iv e - c o o r d in a t e ,  w ith  f o u r  oxygen l ig a n d s  from  one group and one from  
th e  n e x t g roup a t  th e  c o rn e r s  o f  a  sq u a re  py ram id .
2 . Gapped O ctahedron
Monocapped o c ta h e d ra l  geom etry  i s  c h a r a c t e r i s t i c  o f
qo




h ed ro n  i s  s u b s t a n t i a l l y  d i s t o r t e d .  The /3 - d ik e to n a te  l ig a n d s  wrap 
a sy m m e tr ic a lly  a b o u t th e  c o o rd in a t io n  p o ly h ed ro n , w ith  two pheny l 
g roups 'u p ' and one 'dow n1. The w a te r m o lecu le  i s  c o o rd in a te d  above 
a  t r i a n g u la r  o c ta h e d ra l  f a c e .
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G. C o o rd in a tio n  Number E ig h t
Both th e  sq u a re  a n t i  p rism  ( D ^ )  and th e  t r i a n g u la r l y  f a c e d
dodecahedron  (B g^) a r e  c h a r a c t e r i s t i c  p o ly h e d ra  f o r  t h i s  common c o o rd i -  
51n a t io n  number. R e fe r  to  F ig u re  5* Goulombic energy  d i f f e r e n c e s  b e ­
tw een th e  p o ly h e d ra  a r e  v e ry  sm a ll and a  p re fe re n c e  f o r  one o r  th e  o th e r  
i s  p ro b ab ly  d i c t a t e d  by c h e la te  l ig a n d  re q u ire m e n ts  o r  m o le c u la r  p a ck in g  
f o r c e s .
1 . S quare  A n tip rism
The f i r s t  r e p o r te d  X -ray  c r y s ta l lo g r a p h ic  s tu d y  o f  a  
t r i s - r a r e  e a r t h ( l l l )  c h e la te  e x h ib i te d  t h i s  e i g h t - f o l d  geom etry . The
ffp
y t tr iu m  io n  i n  y t tr iu m  a c e ty la c e to n a te  t r i h y d r a t e ,  Y(C ■ 3 ^ ° •
i s  bonded to  e ig h t  oxygen atom s c o n tr ib u te d  by th r e e  b id e n ta te  a c e t y l ­
a c e to n a te  g roups and two w a te r  m o le c u le s . The t h i r d  w a te r m o lecu le  
a s s o c ia te d  w ith  each com plex i s  n o t c o o rd in a te d  to  th e  y t t r iu m  io n ,  b u t 
ta k e s  p a r t  i n  a  c h a in  o f  hydrogen  bonds to  l i n k  th e  m o lecu les  i n  p a i r s .
The a u th o rs  a t t r i b u t e  th e  d i s t o r t i o n  o f  th e  p o ly h ed ro n  to  two c h e m ic a lly
d i f f e r e n t  l ig a n d s  bonded to  th e  same c e n t r a l  m e ta l atom .
53D iy ttr iu m  s i l i c o n  b e r y l l a t e ,  Y^SiBegO^ a ls o  shows 
e ig h t - f o l d  geom etry . The y t tr iu m  atom s l i e  w i th in  d i s t o r t e d  s q u a re
oxygen a n t ip r is m s  and th e  s i l i c o n  atom s l i e  i n  i s o l a t e d  SiO^ t e t r a h e d r a .
The b e ry ll iu m  atom s occupy d i s t o r t e d  t e t r a h e d r a  l in k e d  a t  one c o rn e r  to  
form  doub le  BegO,-, pyram ids o r ie n te d  upward o r  downward r e l a t i v e  to  th e  
c - a x i s .
2 . Dodecahedron
The f i r s t  t e t r a c h e l a t e  m e ta l atom to  show e ig h t - f o l d  
c o o rd in a t io n  was th e  cesium  te t r a k i s ( h e x a f lu o r o a c e ty l a c e to n a to ) y t t r a t e  
( i l l )  compound (3 )»  E ig h t e s s e n t i a l l y  e q u id i s ta n t  oxygen atom s (2 .3 1 -
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-  2 .3 5  a )  su rro u n d  th e  c e n t r a l  y t t r iu m  atom i n  a  s l i g h t l y  d i s t o r t e d  
d o d e c a h e d ra l c o n f ig u r a t io n .  I n  c o n t r a s t  w ith  o th e r  d o d e c ah e d ra l ML^
(L  = h id e n ta te  l ig a n d )  s t r u c t u r e s ,  each  l ig a n d  i n  t h i s  s t r u c tu r e  sp an s  
f o u r  'g '  edges r a t h e r  th a n  th e  'm ' edges o f  th e  p o ly h ed ro n  r e s u l t i n g  in  







D. C o o rd in a tio n  Number N ine
N ine c o o rd in a te  s t r u c tu r e s  a r e  common among m o le c u la r  com­
p le x e s  o f  th e  l a n th a n id e s .  The m ost f r e q u e n t  p o ly h ed ro n  i s  th e  symme­
t r i c a l l y  t r ic a p p e d  t r i g o n a l  p rism  ( D ^ )  which i s  s u s ta in e d  by a  h y b r id i ­
z a t io n  o f  one s ,  th r e e  p , and f i v e  d o r b i t a l s .  The doub le  o x a la te  o f  
y t t r iu m  and ammonium, * HgO i s  n in e - f o ld  c o o rd in a te ,  i n ­
v o lv in g  e ig h t  oxygen atom s from  th e  o x a la te  io n s  and one oxygen from  th e
o
w a te r m o le c u le . The Y— 0 bonds ran g e  from  2 .3 ^~ 2 .4 lA  w ith  th e  y t t r iu m  
and w a te r  s i t u a t e d  on a  tw o -fo ld  a x is  o f  sym m etry.
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E. H igher C o o rd in a tio n  Numbers
H igher c o o rd in a t io n  s p h e re s  have been  e s ta b l i s h e d  f o r  a  few 
la n th a n id e  compounds. C o o rd in a tio n  numbers o f  t e n ,  e le v e n , tw e lv e , f o u r ­
t e e n ,  and s ix t e e n  have been  r e p o r te d .  ^  The s i z e  o f  th e  m e ta l io n  and 
th e  com pactness o f  th e  l ig a n d s  i s  im p o r ta n t  i f  h ig h e r  c o o rd in a t io n  p o ly ­
h e d ro n  a r e  to  be g e n e ra te d . To d a te ,  th e r e  a re  no p u b lis h e d  r e p o r t s  o f 
h ig h e r  c o o rd in a t io n  compounds in v o lv in g  y t t r iu m .
I n  summary, th e  c o o rd in a t io n  o f  y t t r iu m  compounds i s  q u i t e  v a r ie d .
The few  X -ray  c r y s ta l lo g r a p h ic  s tu d ie s  r e p o r te d  e x h ib i t  c o o rd in a t io n
numbers s i x ,  s e v e n , e ig h t ,  and n in e . In  p a r t  one o f  t h i s  t h e s i s ,  th e
i n v e s t ig a t io n  o f  m e ta l com plexes o f  o r th o -am inobenzo ic  a c id  r e s u l t e d  in
th e  grow th o f  s in g l e  c r y s t a l s  o f  t r i s f o r th o -a m in o b e n z o a to )a q u o y ttr iu m (I I I )
s u i t a b l e  f o r  th re e -d im e n s io n a l  X -ray  s tu d i e s .  C o n s id e rin g  th e  v a r ia b le
c o o rd in a t io n  a round  th e  y t t r iu m  atom w hich c o u ld  e x i s t ,  a  s t r u c t u r e
d e te rm in a t io n  seemed w o rth w h ile . F u r th e rm o re , s in c e  t h i s  compound was
th e  o n ly  member o f  th e  s y n th e s iz e d  s e r i e s  which was h y d ra te d , a  f a c t
26c o n tr a ry  to  th e  co m p o s itio n  r e p o r te d  by S u r g u ts k i i ,  a  s tu d y  o f  th e  
m o le c u la r  s t r u c tu r e  would d e te rm in e  u n e q u iv o c a lly  th e  e x is te n c e  o f 
w a te r .
I I .  EXPERIMENTAL
A. P r e p a r a t io n  o f  S in g le  C r y s ta l s  o f  T r is (o r th o -a m in o b e n z o a to )  
a q u o y t t r iu m f I I I )
S in g le  c r y s t a l s  o f  Y^NCgH^COO)^ * H^O were p re p a re d  by 
r e a c t i o n  o f s o lu t io n s  o f  y t t r iu m  n i t r a t e  (0 .0 0 1  M) and th e  sodium  s a l t  
o f  a n th r a n i l i c  a c id  (0 .0 0 2  M) i n  a  d i f f u s io n  a p p a ra tu s  a s  r e p o r te d  i n  
p a r t  one o f  t h i s  t h e s i s .  The ta n  n e e d le -sh a p e d  c r y s t a l s  were washed 
w ith  a  d i l u t e  s o lu t io n  o f  th e  sodium  s a l t  o f  a n t h r a n i l i c  a c id  and a i r  
d r ie d .  F ig u re  6 r e p r e s e n t s  a  m ic ro sc o p ic  view o f  th e  s y n th e s iz e d  s i n ­
g le  c r y s t a l s .
B. D e te rm in a tio n  o f  th e  Space G roup. U n it C e l l  D im ensions, and 
D e n s ity  o f  T r is (o r th o -a m in o b e n z o a to )a q u o y tt r iu m (I I I )
P re lim in a ry  p r e c e s s io n  and W eissenberg  p h o to g rap h s  showed 
th e  c r y s t a l  to  be m o n o c lin ic . C e n te r in g  was i n d ic a te d  by th e  o b se rv a ­
t i o n  o f  a  'diam ond p a t t e r n '  p roduced  by f e s to o n s  composed o f  r e f l e c t i o n s  
a l t e r n a t i n g  w ith  e x t i n c t i o n s ,  and th e  o b s e rv a t io n  t h a t  p h o to g rap h s  o f 
s u c c e s s iv e  l e v e l s  ( h 0 1 , h l l ) ,  r o t a t e d  a b o u t th e  b - a x i s ,  when su p e rim ­
posed  showed no two r e f l e c t i o n s  c o in c id in g .  W eissenberg  p h o to g rap h s o f  
th e  z e ro  and f i r s t  l e v e l  o f  th e  c r y s t a l  r o t a t e d  a b o u t th e  b - a x is  a re  
i l l u s t r a t e d  i n  F ig u re s  7 and 8 . The sp a c in g s  o b se rv ed  a lo n g  th e  a*  and 
c* axes  i n  th e  z e ro  l e v e l  p h o to g rap h  a r e  a c tu a l l y  h a l f  o f  t h a t  in d ic a te d  
by th e  r e f l e c t i o n s  due to  th e  s y s te m a tic  ab sen c e s  o f  th e  sp ace  g roup . 
O bserved r e f l e c t i o n s  o f  h k l  w ith  h + k = 2n , hOl w ith  h = 2n and 1 = 2n , 
and OkO w ith  k = 2n in d ic a te d  th e  sp ace  g ro u p , C 2 /c , number 15 i n  th e
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F ig u re  6
M icroscop ic  View o f  th e  Y ^M ^H ^C O C O y HgO s in g le  c r y s t a l s
F igure 7
f'f5'"
Zero L evel W eissenberg  P ho tograph  o f  Y(HoNG.H,,G00)o ■ Ho0D 4  j  2
3^
F ig u re  8
1/M
F i r s t  L eve l W eissenberg  P ho tograph  o f  Y^^NCgH^COO)^ ■ H^O
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57I n te r n a t io n a l  T a b le s . A cco rd ing  to  a  su rv e y  o f  sp a ce  g roups found
i n  o rg a n ic  c r y s t a l  s y s te m s , th e  a s s ig n e d  c e n tro sy m m etric  sp a ce  group 
58i s  q u i t e  common. ^
The u n i t  c e l l  d im ensions were d e te rm in e d  u s in g  z e ro  l e v e l
W eissenberg  p h o to g rap h s  (F ig u re  7 ) and r o t a t i o n  p h o to g rap h s  ta k e n  a b o u t
*
th e  [010] . In  a d d i t io n ,  z e ro  l e v e l  p r e c e s s io n  and cone a x is  p h o to ­
g raphs were ta k e n  o f  th e  a*b* and b*c* r e c i p r o c a l  n e t s .  In  b o th  c a s e s ,  
e x p o su res  were ta k e n  w ith  n i c k e l - f i l t e r e d  Cu-ko< r a d i a t i o n  (A  = 1 . j& l 78A) .  
The c e l l  c o n s ta n ts  were a p p r o p r ia te ly  c a lc u la t e d  from  f i lm  m easurem ents, 
and th e  com puter program  REDCEL c a lc u la t e d  th e  red u c e d  c e l l  from  th e  
d i r e c t  c e l l  p a ra m e te rs . ^  The d i r e c t  c e l l  was th e  red u c e d  c e l l .
A ll  m easurem ents were made a t  21° G. These d im ensions a lo n g  w ith  o th e r  
p e r t i n e n t  c r y s t a l  d a ta  a r e  g iv e n  i n  T ab le  I I .
The o b se rv e d  d e n s i ty  o f  Y^gNC^H^COO)^ • H^O c o rre sp o n d s  to  
e ig h t  fo rm u la  u n i t s  p e r  u n i t  c e l l .  D e n s ity  m easurem ents were o b ta in e d  
by two te c h n iq u e s . The f i r s t  in v o lv e d  th e  f l o t a t i o n  o f  a  s in g le  c r y s t a l  
i n  a  s o lu t i o n  o f  c a rb o n  te t r a c h lo r id e /d io d o m e th a n e . The second  tec h n iq u e  
m easured th e  d e n s i ty  by pycnom etry  u s in g  an  aqueous soap  s o lu t io n  o f 
known d e n s i ty  to  e n su re  th e  w e t t in g  o f  th e  s in g l e  c r y s t a l s .
G. I n t e n s i t y  M easurem ents
I n t e n s i t y  d a ta  f o r  Y^^NCgH^COO)^ • H^O were c o l l e c t e d  w ith  
n i c k e l - f i l t e r e d  Cu-k c* r a d i a t i o n  (A  = 1 .5^178$ ) u s in g  m u l t ip l e - f i lm ,  e q u i-  
i n c l i n a t i o n ,  in te g r a t e d  W eissenberg  p h o to g rap h s  f o r  l a y e r s  0-5  o f  a  
c r y s t a l  mounted on th e  b - a x i s ,  and m u l t ip le - f i lm  i n te g r a t e d  p r e c e s s io n  
p h o to g rap h s f o r  l a y e r s  0 -2  o f  th e  a*b* r e c i p r o c a l  n e t .  The c r y s t a l  used  
f o r  d a ta  c o l l e c t i o n  was a  fra g m en t o f  d im ensions 0 .0 5  x 0 .^ 5  x  0 .0 9  mm
T ab le  I I
C r y s ta l  D ata  f o r  T r is (o r th o -a m in o b e n z o a to )a q u o y tt r iu m ( lI l )
fo rm u la  w e ig h t = 515*315  amu V = 3940.1 t  3
a  = 3 0 .8 9 (1 )  A Z = 8
b = 9* 0 9 (1 ) A D e n sity
0 f l o t .  l . ? 4  g
c = 14-.85(1) A pycn . 1 .6 8  g
0 c a lc .  1 .7 3 7  {
*  = 9 0 . 0 ( 1 ) -1
0 /«  = 4 6 .9 7  cm 1
J3= 1 0 9 .3 (1 )
y= 9 0 . 0 ( 1 )° Fooo = 2a*
sp a ce  g roup = GZ/c
3?
c u t  from  a  l a r g e r  r o d l ik e  c r y s t a l .  The r e l a t i o n s h i p  o f  th e  r e a l  axes 
( a , b , c )  and th e  r e c i p r o c a l  ax es  ( a * ,b * ,c * )  to  th e  m orphology o f  th e  
c r y s t a l  i s  d e p ic te d  i n  F ig u re  9* P h i r e p r e s e n t s  th e  d i a l  s e t t i n g  on 
th e  s p in d le  a x i s .  The d im en sio n s o f  th e  c r y s t a l  f a c e s  were m easured  
w ith  th e  a id  o f  a  L e i tz  m icro scope  eq u ip p ed  w ith  a  x and y t r a n s l a t i o n a l  
m icrom eter s ta g e .  F iv e  Kodak N o-Screen  m ed ic a l X -ray  f i lm s  were u sed  
f o r  each  in d iv id u a l  l a y e r ,  th e  a v e ra g e  f i lm  a b s o rp t io n  f a c t o r  b e in g  3 *8 . 
T his a b s o rp t io n  f a c t o r  was d e te rm in e d  by com p ariso n  o f  th e  i n t e n s i t i e s  
o f  th e  same r e f l e c t i o n s  on d i f f e r e n t  f i lm s  o f  th e  pack  w ith in  th e  same 
l e v e l .  The i n t e n s i t i e s  o f  th e  r e f l e c t i o n s  were m easured  w ith  a  Welch 
D ensich ron  f o r  which a  0 .5  mm a p e r tu re  was made. The o p t i c a l  d e n s i to ­
m eter was c a l i b r a t e d  w ith  a  s ta n d a rd  d e n s i ty  wedge and a  c a l i b r a t i o n
cu rv e  was o b ta in e d  v ia  a  po ly n o m ia l r e g r e s s io n  tr e a tm e n t  a v a i l a b l e  on
6 lth e  U n iv e rs i ty  o f  New H a m p sh ire 's  DEC-10 sy s tem .
The m ethod f o r  e v a lu a t in g  th e  i n t e n s i t y  o f  each  v i s i b l e  
r e f l e c t i o n  on th e  exposed  f i lm s  p ro ceed ed  as  fo l lo w s . Three m easu re­
m ents were ta k e n  f o r  ev e ry  r e f l e c t i o n ,  two background  m easurem ents (one 
on e i t h e r  s id e  o f  th e  r e f l e c t i o n )  and a  m easurem ent o f  th e  t o t a l  in t e n ­
s i t y  o f  th e  d i f f r a c t i o n  s p o t .  Each r e a d in g  was c o r r e c te d  by th e  c a l i ­
b r a t io n  p o ly n o m ia l, and th e  n e t  c o r r e c te d  i n t e n s i t y  was c a lc u la t e d  by 
a v e ra g in g  th e  two c o r r e c te d  background r e a d in g s  and s u b t r a c t in g  t h i s  
av erag e  from  th e  c o r r e c te d  peak  i n t e n s i t y .  T h is  p ro c e d u re  was r e p e a te d  
f o r  any r e f l e c t i o n s  w ith  s u f f i c i e n t  i n t e n s i t y  to  be v i s i b l e  on th e  s e c ­
ond, t h i r d ,  f o u r t h ,  and f i f t h  f i lm s  w i th in  th e  m u l t ip le - f i lm  pack  o f 
each l e v e l .  A l l  n e t  c o r r e c te d  i n t e n s i t i e s  a t  t h i s  p o in t  were m u l t ip l ie d  
by th e  a p p ro p r ia te  f i lm  a b s o rp t io n  f a c t o r s .  I n t e n s i t i e s  which were mea­
su re d  on more th a n  one f i lm  w ith in  each  l e v e l  were av e rag ed  to  g iv e  a
F igure 9
R e la t io n s h ip  o f  th e  R ea l Axes ( a ,  h , c )  and th e  
*  *  * .
R e c ip ro c a l  Axes ( a  , h , c ) to  th e  M orphology 
o f  th e  C r y s ta l
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f i n a l  n e t  i n t e n s i t y .  These raw  i n t e n s i t y  d a ta  were c o r r e c te d  f o r  L o ren tz  
and p o l a r i z a t i o n  f a c t o r s .
In  e q u i - i n c l in a t io n  W eissenberg  geom etry , th e  L o ren tz  f a c t o r ,  
L, depends on th e  p r e c i s e  m ethod o f  m easurem ent. The e x p re s s io n  may be 
g iv e n  as
s in 0
L = ------------
s in 20  ( s i n 20 -  s in ^ u )  2 
w h e re / i  i s  th e  e q u i - i n c l in a t io n  s e t t i n g  a n g le .  F o r  z e r o - le v e l  r e f l e c ­




The p o l a r i z a t i o n  f a c t o r  i s  a  f u n c t io n  o f  20 and i s  e x p re s se d  as
1 + c o s2 20
P =
T his term  a r i s e s  b ecause  o f  th e  n a tu re  o f  th e  x - ra y  beam and th e  way 
i t s  r e f l e c t i o n  e f f i c i e n c y  v a r i e s  w ith  th e  r e f l e c t i o n  a n g le .
D ata  r e d u c t io n  o f  th e  W eissenberg  raw  i n t e n s i t y  m easurem ents 
i n i t i a l l y  in v o lv e d  c a l c u l a t i n g  th e  v a lu e  o f  s in 0  f o r  each  r e f l e c t i o n .
The r e l a t i o n s h i p  i s  e x p re s s e d  a s
2 s i n 0 p p p p p p
— -—  = ( h a *  + k b* + 1 c *  + 2hka*b*cosi(* + 2 h la*c*cos/3  *•: +
A 1.
2 k lb * c * c o so t* )  2
where h , k , l  a r e  th e  in d ic e s  o f  th e  r e f l e c t i o n  and a * , b * , c*,<K *, * ,
y *  a re  th e  r e c i p r o c a l  l a t t i c e  c o n s ta n t s .  The r e s u l t a n t  sin©  v a lu e  
f o r  each  r e f l e c t i o n  e n a b le d  im m ediate c a lc u l a t i o n  o f  L o ren tz  and p o ­
l a r i z a t i o n  f a c t o r s .  D ata  r e d u c t io n  was co m p le ted  by m u lt ip ly in g  th e  
raw i n t e n s i t y  d a ta  by th e  f a c t o r  l /L p .
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C o r re c t io n s  on th e  i n te g r a t e d  p r e c e s s io n  d a ta  in v o lv e d
62su p e rim p o sin g  a  t r a n s p a r e n t  c h a r t  show ing th e  r e l a t i v e  v a lu e  o f
l /L p  on th e  r e c i p r o c a l  l a t t i c e  n e t .  The L o r e n tz - c o r r e c t io n  f a c t o r  
f o r  p r e c e s s io n  m otion  i s  r a d i a l l y  sy m m e tric a l f o r  each  l e v e l  and 
v a r ie s  from  l e v e l  to  l e v e l .  The L o re n tz  f a c t o r  f o r  one re c o rd e d  s p o t  
on a  p r e c e s s io n  p h o to g rap h  i s  g iv e n  by th e  com plex e x p re s s io n :
A  ^  s in / I  s i n  r\ 1 + tan^ ;u s in ^ (£  + t \ )  1 + tan^ ju  s in ^ (£  -  t \ )
wke re  A  -  a n g u la r  v e lo c i ty  o f  p r e c e s s io n
t  , C  -  c y l i n d r i c a l  r e c ip r o c a l  l a t t i c e  c o o rd in a te s
M -  i n c l i n a t i o n  a n g le  o f  th e  r e c i p r o c a l  l a t t i c e
p la n e  from  a  p o s i t i o n  norm al to  th e  x - ra y  beam
s i n  >u + § ^ _ s i n2 yr\ -  cos A = ------- ^ ------------- -------------
2 £  s i n  Jl
A c a l i b r a t i o n  c u rv e  o f  th e  c o r r e c te d  p r e c e s s io n  i n te g r a t e d  i n t e n s i t i e s  
v s . W eissenberg  i n te g r a t e d  i n t e n s i t i e s  was u sed  to  b r in g  th e  i n t e n s i t y  
d a ta  t o  a  common s c a l e .
The v a lu e  o f  th e  l i n e a r  a b s o rp t io n  c o e f f ic i e n t ,y U  w ith  
copper r a d i a t i o n  f o r  Y^gNC^H^COO)^’ HgO was c a lc u la t e d  a s  4 6 .9 7  cm 
from  th e  e x p re s s io n
A  = d j p (  £  )
where d = d e n s i ty
p = p r o p o r t io n  o f  each  e lem en t i n  th e  compound 
{M/e)  = mass a b s o rp t io n  c o e f f i c i e n t .
In  view  o f  th e  sm a ll  m agnitude  c a l c u la t e d ,  no a b s o rp t io n  c o r r e c t i o n  was 
a p p lie d .  A s c a le  f a c t o r  to  p la c e  th e  re d u c e d  i n t e n s i t y  d a ta  on an  a b ­
s o lu te  s c a le  and an  o v e r a l l  te m p e ra tu re  f a c t o r ,  B, were d e r iv e d  from  a
W ilson p l o t .  The W ilson  c a l c u l a t i o n  in v o lv e s  p l o t t i n g  l n ( l r e ] / £ ] f j  )
2 2v s . ( s i n  0 ) /A  , where f  r e p r e s e n t s  th e  s c a t t e r i n g  f a c t o r s  o f  th e
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v a r io u s  a tom s. The te m p e ra tu re  f a c t o r  i s  o b ta in e d  from  th e  s lo p e ,  -2B, 
and th e  i n t e r c e p t  i s  I n  G where C i s  r e l a t e d  to  th e  s c a le  c o n s ta n t ,  k ,
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A t o t a l  d a ta  s e t  o f  1871 , o b se rv ed  and u n observed  r e f l e c t i o n s  was 
r e c o rd e d  from  W eissenberg  l e v e l s  ze ro  th ro u g h  f i v e .  T h is  r e p r e s e n te d  
1159  n o n -ze ro  r e f l e c t i o n s ,  a  n o n -ze ro  r e f l e c t i o n  b e in g  d e f in e d  as  a  d i f ­
f r a c t i o n  s p o t  v i s i b l e  on any f i lm .  T h is  d a ta  s e t  encom passed th e  e n t i r e  
r e c ip r o c a l  l a t t i c e  up to  a  s i n  0 maximum o f  0 .8 0 . F u r th e r  d a ta  r e d u c t io n ,  
l im i t in g  th e  s i n  0 c u to f f  to  0 .7 0  r e s u l t e d  i n  a  f i n a l  d a ta  s e t  o f  1393  
r e f l e c t i o n s ;  915  o f  th e s e  b e in g  n o n -ze ro  r e f l e c t i o n s .
I I I .  SOLUTION AND REFINEMENT OF THE STRUCTURE
The p ro c e s s  o f  a  s t r u c tu r e  d e te rm in a tio n  c o n s i s t s  o f  a  s e r i e s  o f 
w e l l-d e f in e d  s te p s  w ith  each s te p  depend ing  on th e  ac cu ra cy  and p ro p e r  
i n t e r p r e t a t i o n  o f  th e  p re c e e d in g  s t e p s .  An o u t l in e  o f  th e  g e n e ra l  method
CO
ca n  be fo und  i n  a lm o st any te x tb o o k  on c ry s ta l lo g r a p h y .  ’ I n  t h i s  
work th e  heavy atom m ethod was u se d , and a  summary o f  th e  m ethod, w ith  
a p p ro p r ia te  com puter p rog ram s, i s  o u t l in e d  i n  T ab le  I I I .  The flo w  d iagram  
u n f o r tu n a te ly  does n o t in d ic a te  th e  d i f f i c u l t y  e n c o u n te re d  a f t e r  th e  i n ­
t e n s i t y  d a ta  c o l l e c t i o n .
The s t r u c t u r e  f a c t o r ,  F ^ -^ , e x p re s s e s  th e  d i s t r i b u t i o n  o f  th e  
s c a t t e r e d  r a d i a t i o n  i n  r e c i p r o c a l  sp ace  i n  term s o f  th e  e le c t r o n  d e n s i ty  
d i s t r i b u t i o n  i n  r e a l  s p a c e . The e le c t r o n  d e n s i ty  a t  any p o in t  XYZ i n  
th e  u n i t  c e l l  may be c a lc u la t e d ,  g iv e n  a  knowledge o f  th e  a m p litu d e s  and 
th e  p h ases  o f  th e  s c a t t e r e d  waves i n  r e c i p r o c a l  sp ace  by th e  e q u a tio n :
+  co  +  co  +  00
PXYZ = T  £  £  £  Fh k lexp '  2?7i(hX  + kY + 1Z)
h=-*"k=-«ol= -<o
p = e le c t r o n  d e n s i ty  
V = volume o f  c e l l  
= s t r u c tu r e  f a c t o r
The p ro c e s s  a p p e a rs  q u i te  s t r a ig h t f o r w a r d .  I t  seems o n ly  n e c e s s a ry  to  
m easure a s  many v a lu e s  o f  F^^^ as  p o s s ib l e ,  perfo rm  th e  a p p ro p r ia te  c a l ­
c u la t io n s  to  p roduce  an  e le c t r o n  d e n s i ty  map, and lo c a te  atoms i n  p o s i ­
t io n s  o f h ig h  e le c t r o n  d e n s i ty  to  s o lv e  th e  s t r u c t u r e .
The m ain p rob lem , how ever, in v o lv e s  th e  c o n d i t io n  "g iv e n  a  know-
43
kb
Table I I I
S t r u c tu r e  D e te rm in a tio n  O u tlin e  f o r  a  Compound 
C o n ta in in g  a  Heavy Atom
E x p e rim en ta l
P ro ced u re
C r y s ta l  M ounting
P re c e s s io n  Photo
O s c i l l a t i o n  Photo
I
W eissenberg  P hotos
I
I n t e n s i t y
M easurem ents -------
In fo rm a tio n C r y s ta l lo g ra p h ic  
Program s a
O r ie n ta t io n  and 
Axes S e le c t io n
U n it C e l l
Space Group 
^ I n te g r a te d  I n t e n s i t i e s
C o rre c te d  I n t e n s i t i e s
« F o-bs !OC Fobs
T em perature  F a c to r  
S c a le  F a c to r  4—
C e n te r  o f Symmetry 
S ig n  D e te rm in a tio n  -
E le c t ro n  D e n s ity  Map■
A pproxim ate Atomic 
P o s i t io n s  ---------
* Reduced C e l l
P a ram e te rs  (REDCEL)
Powder P a t t e r n  
QpOMP (UNH-23)
\  L o re n tz  and P o la r  i -  
z a t io n  C o rre c  t io n s  
(H e w le tt-P a c k a rd )
O bserved and 
U nobserved r e f l e c ­
t io n s  (NR2.MAN)
b  D ata Tape (NRC-2)
I
-  W ilson  S t a t i s t i c s  
(NRC-5A)
S t r u c tu r e  F a c to r s
Bond D is ta n c e s  and 
A n g le s , C o o rd in a tio n
P u b l ic a t io n  T ab le  4— 
!
S te re o  Drawing
-> F o u r ie r  (N R C -8 )
B lock D iagonal 
L e a s t S quares  
R efinem en t (NRC-10)
E r ro r  A n a ly s is  
(NRC-1*0
Bond S can  (NRC-12)
-> S t r u c tu r e  F a c to r  
T able  (NRC-23)
UNH I d e n t i f i c a t i o n  Code
k5
led g e  o f  a m p litu d e s  and p h a s e s " . The a m p litu d e s  a re  c a lc u la t e d  from  th q  
i n t e n s i t y  m easurem ents, s in c e  th e y  a r e  p r o p o r t io n a l  to  th e  s q u a re  r o o t  
o f  th e  c o rre s p o n d in g  m easured  i n t e n s i t i e s .  B ut th e r e  i s  no way to  mea­
s u re  th e  phase  a n g le s  e x p e r im e n ta l ly . T h is  i s  known as  th e  "Phase ProB- 
lem ".:
The e le c t r o n  d e n s i ty  e x p re s s io n  f o r  c e n tro sy m m etric  s t r u c tu r e s
Gks im p l i f i e s  to  one w ith  c o s in e  term s o n ly :
PxYz = - f + f  +S  +E  Fh ia  co s  ^  + kY + l z >'
h=oo k="oo l= ‘oo
The phase  a n g le  a s s o c ia te d  w ith  F ^ -^ , which i n  a  g e n e ra l  c a se  c a n  have 
any v a l u e # ,  Becomes e i t h e r  0 o r j f  . T h e re fo re  th e  sum m ation c a n  c o v e r 
waves t h a t  a r e  e i t h e r  e x a c t ly  i n  phase  o r  e x a c t ly  o u t o f p h a se ; i . e .
+ F ^ k l f o r  waves w ith  o i - 0  and -  F ^ k l f o r  waves w ith  oi = I t .  F o r a  
cen tro sy m m etric  c a s e ,  th e  p hase  prohlem  th u s  re d u c e s  to  one o f  s ig n  d e ­
te rm in a tio n .
To overcome t h i s  q u e s t io n  o f  s ig n s ,  a  t r i a l  s t r u c t u r e  m ust Be 
p o s tu la te d  and th e  p h ases  from  t h i s  t r i a l  s t r u c tu r e  a re  u sed  a s  in p u t  
to  th e  e l e c t r o n  d e n s i ty  e x p re s s io n . In  t h i s  r e s e a r c h  a  t r i a l  s t r u c tu r e  
was d ev e lo p ed  By th e  heavy atom m ethod. T h is  system  works on th e  assum p­
t io n  t h a t  an  atom w ith  a  l a r g e  a tom ic s c a t t e r i n g  f a c t o r  w i l l  d e te rm in e  
th e  phase  a n g le s  o f  th e  whole s t r u c t u r e .  One o f  th e  key te c h n iq u e s  used  
i n  t h i s  m ethod in v o lv e s  th e  P a t te r s o n  f u n c t io n .  A lthough  i t  i s  n o t  p o s ­
s i b l e  to  com pute d i r e c t l y ,  due to  th e  u n c e r t a in ty  o f  th e  p h a ses  o f
th e  F v a lu e s ,  th e r e  i s  no u n c e r ta in ty  a b o u tJ F j  ^ v a lu e s .
A P a t te r s o n  map, which i s  alw ays c e n tro sy m m e tr ic , c a n  Be com puted 
d i r e c t l y  from  th e  f u n c t io n ,  The peaks o f  th e  r e s u l t i n g  map r e p r e ­
s e n t  in te r a to m ic  v e c to r s .  I n  o th e r  w ords, a  peak  a t  UVW im p lie s  t h a t
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t h e r e  a r e  two atom s i n  th e  c r y s t a l  s t r u c t u r e  a t  , y ^ , z^ and x ^ , yg i 
Zg such  t h a t  x^ -  x^ = U; y^ -  y^ = V; Zg -  z^ = W. F u rth e rm o re , th e




Pu w  = Y  ^  £  £  [ Fh k l  | 2 co s  27T(hU + kV + 1W).
h e ig h t  o f  th e  peak  w i l l  he p r o p o r t io n a l  to  th e  p ro d u c t o f  th e  number 
o f  e le c t r o n s  i n  each  o f  th e  two atom s in v o lv e d .
A th re e -d im e n s io n a l  u nsharpened  P a t te r s o n  map was c a lc u la t e d  i n  
an  a tte m p t to  l o c a t e  th e  y t t r iu m  atom s. The r e s u l t i n g  map r e v e a le d  nu­
merous peaks o f  h ig h  v e c to r  d e n s i ty .  Peak h e ig h ts  o f  a p p ro x im a te ly  5000 
were lo c a te d  a t  x ,y , z  = 0 ,0 ,0 ;  x ,y , z  = ■§■,■§,0; x ,y , z  = 0 ,0 ,y  and x ,y , z  = 
TtTitT’ A lthough  th e  o r i g i n  ( 0 ,0 ,0 )  r e p r e s e n t s  th e  sum m ation o f  a l l  
a tom ic v e c to r s ,  th e r e  e x is t e d  th e  p o s s i b i l i t y  t h a t  th e  t r u e  y t t r iu m -  
y t tr iu m  v e c to r  was ly in g  a t  th e  o r ig i n .  I n  sp ace  group CZ/c th e r e  a re  
f iv e  s e t s  o f  s p e c i a l  p o s i t i o n s  in c lu d in g  ( 0 ,0 ,0 ) .  These p o s i t i o n s  a re  
t a b u la te d  i n  T ab le  IV. Three c y c le s  o f  b lo c k  d ia g o n a l  l e a s t  s q u a re s  
re f in e m e n t w ith  i s o t r o p i c  te m p e ra tu re  f a c t o r s  a s s ig n in g  th e  y t t r iu m  atom s 
to  s p e c i a l  p o s i t i o n s  4 a  and 4b  gave a  r e l i a b i l i t y  in d e x , R = 0.535» where 
^ = D K  I “ K | |  / £ K  I * ®ie ^ e o r e t i c a l  v a lu e  f o r  a  centrosym m e-
c;0
t r i e  model w ith  atom s p la c e d  random ly would be O .8 3 . A lthough  th e  R 
f a c t o r  o b ta in e d  was low er th a n  th e  random v a lu e , a  b e t t e r  v a lu e  was 
so u g h t f o r  a  t r i a l  s t r u c t u r e .
An a tte m p t was made to  lo c a te  th e  e ig h t  y t t r iu m  atom s i n  g e n e ra l  
p o s i t io n s  ( 8 f ) ,  x ,y , z  = 0 .0 ,0 .4 4 ,0 .0 9 .  T h is  p o s i t i o n  was l a t e r  found  to  
be i n c o r r e c t .  A f te r  f o u r  c y c le s  o f  b lo c k  d ia g o n a l  l e a s t  s q u a re s  r e f i n e ­
ment w ith  i s o t r o p i c  te m p e ra tu re  f a c t o r s  th e  R v a lu e  was 0.330» s u g g e s t­
in g  a  s t a r t i n g  p o in t  f o r  a  t r i a l  s t r u c t u r e .  A F o u r ie r  e le c t r o n  d e n s i ty
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map was c a lc u la te d  to  l o c a t e  f u r t h e r  a tom ic  p o s i t i o n s .  High e le c t r o n  
d e n s i t i e s  were o b se rv e d  a t  th e  o r ig i n  b u t  were ig n o re d  s in c e  t e s t s  o f  
th e  o r ig i n  p o s i t i o n  had a l r e a d y  p roven  f a l s e .  These peaks d id  n o t d i s ­
a p p e ar  d u r in g  th e  r e f in e m e n t ,  i n d ic a t in g  an  obv ious e r r o r .  P o s s ib le  
atom ic p o s i t io n s  f o r  th e  rem a in in g  atom s were few , due to  th e  sm a ll  e le c ­
t r o n  d e n s i ty  peaks on th e  map. A t o t a l  o f  tw en ty -tw o  p o s i t io n s  were 
lo c a te d  and r e f i n e d  in  te n  c y c le s  o f  l e a s t  sq u a re s  i s o t r o p i c  r e f in e m e n t 
to  an  R = 0 .2 8 9 . A F o u r ie r  map o f  th e s e  r e f in e d  p o s i t i o n s  su g g e s te d  no 
f u r t h e r  lo c a t io n s  f o r  th e  rem a in in g  t e n  non-hydrogen  atom s. I n  a d d i t io n ,  
a pp rox im ate  bond d i s ta n c e  c a lc u la t io n s  o f  known c a rb o n  p o s i t io n s  re v e a le d  
no p h en y l r in g s  i n  th e  p o s tu la te d  s t r u c t u r e .
The P a t te r s o n  map was reexam ined  f o r  any p a r t i c u l a r  c o n c e n tra t io n s  
o f  v e c to r  p o in ts  which c o u ld  le a d  to  a  b e t t e r  c h o ic e  o f  th e  y t t r iu m  atom 
p o s i t i o n .  A sum m ation o f  th e  v a r io u s  peak  h e ig h ts  found  on th e  P a t t e r ­
son  map i s  i n  T able  V. These c o n c e n t r a t io n s ,  commonly known a s  H arker 
l i n e s  and p la n e s ,  a r i s e  b ecau se  th e  v e c to r s  betw een c o rre sp o n d in g  atoms 
o f  m o lecu les  r e l a t e d  by symmetry e lem en ts  o th e r  th a n  c e n te r s ,  have one 
o r  two c o n s ta n t  c o o rd in a te s .  T a b u la tio n  o f  a l l  v e c to r s  g e n e ra te d  from  
th e  e ig h t  e q u iv a le n t  symmetry p o s i t i o n s  o f  C2/c r e s u l t e d  i n  s e v e r a l  H ar­
k e r  l o c a t io n s :  + 2x ,  0 , ■§■ + 2 z ; + 2x , + 2y , + 2 z ; and 0 , + 2y ,  •§■.
I n i t i a l l y ,  th e  y t t r iu m  atom was a s s ig n e d  to  x ,y , z  = 0 .2 5 ,0 .2 2 ,0 .2 0 ,  
a  p o s i t i o n  r e p r e s e n te d  on th e  P a t te r s o n  by v e c to r s  o f  peak  h e ig h ts  500 
and 1700. T hree c y c le s  o f  l e a s t  s q u a re s  r e f in e m e n t  w ith  an  i s o t r o p ic  
te m p e ra tu re  f a c t o r  r e s u l t e d  i n  an  R in d ex  o f  0 ,^ 3 ^ ' The F o u r ie r  map 
drawn from  t h i s  r e f in e d  heavy atom l o c a t io n  showed no o r ig in  p e a k , peaks 
o f  maximum d e n s i t i e s  a t  th e  p o s i t io n s  above , and a n o th e r  s iz a b le  peak 
n ea rb y . A d i f f e r e n t  t r i a l  p o s i t i o n  was a s s ig n e d  u s in g  t h i s  o th e r  peak
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T ab le  V
P a t te r s o n  Map L o c a tio n s  o f  Im p o rta n t V ec to rs
Peak H e ig h t ^ 5 0 0 0  
0 . 0 , 0 . 0 , 0 .0
0 . 5 , 0 . 5 1 0 .0  o r ig i n  v e c to r  lo c a t io n s
0 . 0 , 0 . 0 , 0 .5  
0 .5 ,  0 .5 ,  0 .5
Peak H e ig h t r *  2000
0 . 0 0 , 
0 . 5 0 , 
0 . 0 0 , 
* 0 . 5 0 , 
0 . 0 0 , 
0 .5 0 , 
0 . 0 0 , 
* 0 . 5 0 ,
0 . 5 2 ,
0 . 00 ,
0 . 5 0 ,
0 . 00 ,
0 . 5 0 ,
0 . 0 0 ,
0 . 5 0 ,









± 2x ,  0 , •§■ ± 2 z ; ± 2x , ± 2y,
Peak H e ig h t 900
0 . 0 0 , 0 . 5 0 , 0 .2 4  
0 . 5 0 , 0 . 0 0 , 0 .2 4  
0 . 0 0 , 0 . 5 0 , 0 .7 3  
0 . 5 0 , 0 . 0 0 , 0 .7 3
l o c a t io n  o f  Y-
Peak H e ig h t a^OO
0 . 0 0 , 0 . 5 0 , 0 .0 0  
0 . 0 0 , 0 . 5 6 , 0 .0 0  
0 . 0 0 , 0 . 5 0 , 0 . 5 0 -—
0 . 0 0 , 0 . 5 6 , 0 . 5 0 ------------------------- 0 , + 2y , |
0 . 5 0 , 0 . 0 7 , 0 .5 0  
0 . 0 0 , 0 .4 4 , 0 . 5 0 ^ ^ ^
0 . 5 0 , 0 . 0 7 , 0 .0 0  
0 . 0 0 , 0.44-, 0 .0 0
± 2 z
-Y v e c to r s
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o f  maximum d e n s i ty .  The y t t r iu m  atom was a s s ig n e d  to  x ,y ,z  = 0 .2 5 ,0 .4 9 ',  
0 .2 0 . I n  th e  P a t te r s o n  map t h i s  p o s i t i o n  was s u p p o rte d  by two v e c to r s  
o f peak  h e ig h ts  around  1700. I s o t r o p ic  l e a s t  s q u a re s  r e f in e m e n t r e s u l t ­
ed i n  an  R in d ex  o f  0 .3 7^ a f t e r  th r e e  c y c le s .  The g e n e ra te d  F o u r ie r  map 
showed a  peak  d e n s i ty  1 .5  t im e s  any peaks p r e v io u s ly  re c o rd e d  f o r  th e  
y t tr iu m  atom . A lso  numerous o th e r  e l e c t r o n  d e n s i ty  c o n c e n tra t io n s  r e p r e ­
s e n ta t iv e  o f  th e  rem a in in g  non-hydrogen  atom s were a p p a re n t.  The p o s i ­
t io n s  o f  th e  oxygen and n i t r o g e n  atom s w ere lo c a te d  w ith  some d i f f i c u l t y  
due to  th e  co m p le x ity  o f  th e  map. Three c y c le s  o f  i s o t r o p i c  l e a s t  sq u a re s  
re f in e m e n t o f  th e  y t t r iu m , 0 ( l ) ,  0 ( 2 ) ,  0 (3 )*  0 ( 4 ) ,  0 ( 5 ) ,  0 ( 6 ) ,  0 ( 7 ) ,  N ( l ) ,  
N(2 ) ,  and N (3) gave an  R = 0 .3 2 9 . R ep ea ted  c y c le s  o f  th e  s t r u c t u r e - f a c ­
t o r  and F o u r ie r  c a lc u la t io n s  were n e c e s s a ry  to  l o c a t e  th e  re m a in in g  c a r ­
bon atom s. The new atom lo c a t io n s  do n o t ,  u n f o r tu n a te ly ,  ap p ear a s  s t r o n g ­
ly  a s  do th o se  o f  th e  p h a s in g  m odel, so  t h e i r  i d e n t i f i c a t i o n  can  some­
tim es be d i f f i c u l t .  The f ra g m en ts  o f  th e  p h en y l g roups were lo c a te d  more 
e a s i l y  by m aking u se  o f  known bond le n g th s  and a n g le s .  ^  W ith a l l  t h i r ­
ty -tw o  non-hydrogen  p o s i t i o n s  l o c a te d ,  th e  b lo ck  d ia g o n a l l e a s t  sq u a re s  
i s o t r o p ic  r e f in e m e n t  gave an  R = 0 .259  a f t e r  s i x  r e f in e m e n t c y c le s .
The p o s tu la te d  s t r u c t u r e  was q u i t e  l i k e l y ,  b u t  an  a l t e r n a t i v e  y t ­
triu m  p o s i t i o n  a t  x ,y , z  = 0 .2 5 * 0 .0 1 ,0 .2 0  was a ls o  a  p o s s i b i l i t y .  T h is  
o th e r  p o s i t i o n  a r i s e s  from  an  ana logous ± 2x , + 2y , + 2z v e c to r .  I n  th e  
space  g roup  C2/m ( th e  symmetry o f  th e  P a t te r s o n  m ap), x ,y , z  v s . x ,y ,z  
a re  r e l a t e d  by sym m etry. T h is  means t h a t  th e  i n i t i a l l y  a s s ig n e d  y t tr iu m  
p o s i t io n  a t  x ,y , z  = 0 .2 5 * 0 .4 9 ,0 .2 0  i s  e q u iv a le n t  to  x ,y ,z  = 0 . 2 5 , 0 . 0 1 ,
0 .2 0 . In  OZ/c th e  c o rre s p o n d in g  atom ic  p o s i t io n s  a r e  n o t r e l a t e d  by 
symmetry such  t h a t  th e  second  p o s i t i o n  r e p r e s e n t s  a n o th e r  p o s s ib le  s i t e  
f o r  th e  y t t r iu m  atom s. The symmetry c o n s t r a in t s  i n  CZ/c  a re  x ,y ,z  v s . 
x »y*■§■ + z . A f te r  f o u r  c y c le s  o f  l e a s t  s q u a re s  i s o t r o p i c  r e f in e m e n t, th e
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R f a c t o r  was O.3 8 8 . The r e s u l t i n g  F o u r ie r  map showed numerous co n cen ­
t r a t i o n s  o f  e le c t r o n  d e n s i ty ,  n o t a s  sh a rp  a s  th e  p re v io u s  t r i a l - s t r u c -  
t u r e .  R epea ted  c y c le s  o f  s t r u c tu r e  f a c t o r  c a lc u la t io n s  and F o u r ie r  maps 
were c a r r i e d  o u t  u n t i l  a l l  32 non-hydrogen  atom s were lo c a te d .  The R 
index  c o u ld  he red u c e d  no f u r t h e r  th a n  O.3 2 O. T h is  t r i a l  s t r u c t u r e  was 
abandoned i n  f a v o r  o f  th e  p o s tu la te d  s t r u c t u r e  w ith  x ,y ,z  = 0 . 2 5 , 0 .^ 9 i 
0 . 2 0 , f o r  th e  a tom ic  p o s i t i o n  o f  th e  y t t r iu m  atom .
A F o u r ie r  d i f f e r e n c e  map was g e n e ra te d  o f  th e  s t r u c tu r e  w hich had 
r e f in e d  to  R = 0 .259- S e v e ra l  c a rb o n  atom s were n o te d  to  be s l i g h t l y  
m isp laced  a s  t h e i r  assum ed p o s i t i o n  was on a  s te e p  g r a d ie n t  n o t f a r  from  
a z e ro  c o n to u r  w ith  a  l a r g e  n e g a tiv e  r e g io n  on one s id e  and a  l a r g e  p o s­
i t i v e  r e g io n  on th e  o th e r .  To c o r r e c t  th e s e  atom ic p o s i t i o n s ,  th e  atoms 
were moved up th e  s t e e p e s t  g r a d ie n t  by an  amount p r o p o r t io n a l  to  th e  
g ra d ie n t  a t  th e  c e n te r .  ^
F u r th e r  r e f in e m e n t, u s in g  f u l l  m a tr ix  l e a s t  s q u a re s  c a l c u la t io n s  ^  
w ith  i s o t r o p ic  te m p e ra tu re  f a c t o r s  f o r  th e  non-hydrogen  atom s and  y t ­
tr iu m  s c a t t e r in g  f a c t o r s  c o r r e c te d  f o r  anom alous d i s p e r s io n  lo w ered  R 
to  0 .2 5 6 . Anomalous d i s p e r s io n  i s  ca u se d  by atom s which have an  a b s o rp ­
t io n  edge c lo s e  to  th e  f re q u e n c y  o f  th e  in c id e n t  r a d i a t i o n ,  th u s  i n t r o ­
d uc ing  an  a d d i t io n a l  phase  change. In  th e  c a se  o f  th e  y t t r iu m  th e  e f f e c t  
i s  a lm o st n e g l i g ib l e ,  b u t  f o r  some atom s th e  s im p le  s c a t t e r i n g  f a c t o r ,  
f Q, m ust be m o d ifie d  to  ta k e  a c co u n t o f  th e  i n t e r a c t i o n  o f  th e  in c id e n t  
x - ra y s  w ith  th e  bound e le c t r o n s .  The s im p le  s c a t t e r i n g  f a c t o r  becomes:
f  a n o m* = f  + A f *  + i A f "  o o
where A f '  and i A f "  r e p r e s e n t  th e  term s t h a t  in tro d u c e  th e  p h ase  d i f ­
f e r e n c e .  S c a t t e r in g  f a c t o r s  u sed  d u r in g  t h i s  a n a ly s i s  were th o s e  o f 
Hanson e t  a l .  Anomalous d i s p e r s io n  c o r r e c t io n s  f o r  y t t r iu m , b o th
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r e a l  ( a  f 1 = - 0 . 70e ) and Im ag inary  ( A f "  = 2 . 3 e “ ) p a r t s  a p p lie d  to  th e
68s t r u c tu r e  a m p litu d e s  were th o s e  g iv en  i n  th e  I n te r n a t io n a l  T a b le s .
The re f in e m e n t  o f  th e  t r i a l  s t r u c t u r e  c o n tin u e d  w ith  a l l  t h i r t y -  
two non-hydrogen  atom s b e in g  r e f in e d  a n i s o t r o p i c a l l y  by th e  b lo c k  d ia g ­
o n a l l e a s t  s q u a re s  m ethod. A f te r  s i x  c y c le s  o f r e f in e m e n t,  th e  R f a c t o r  
had been  low ered  to  0 .1 1 2 . A l l  te m p e ra tu re  f a c t o r s  were p o s i t i v e ,  w ith  
no abnorm al v a lu e s .  A t t h i s  s ta g e  i n  th e  s t r u c tu r e  s o lu t io n ,  a  F o u r ie r  
d i f f e r e n c e  map was g e n e ra te d  to  lo c a te  th e  hydrogen  a tom s. F i f t e e n  o f 
th e  tw en ty  hydrogen  atom s w ere r e a d i ly  lo c a te d .  The a v e rag e  am p litu d e  
o f th e  peaks lo c a te d  was 1 .0 e /A ^ . The rem a in in g  hydrogen  atom s d i s t r i b ­
u te d  on th e  w a te r  m o lecu le  and th e  amine g roups were a s s ig n e d  p o s i t io n s  
on th e  b a s i s  o f  a  c o n s tr u c te d  model o f  th e  u n i t  c e l l .
R efinem en t o f  a l l  f i f t y - t w o  atom s by th e  b lo c k  d ia g o n a l m ethod, 
a s s ig n in g  a n is o t r o p ic  te m p e ra tu re  f a c t o r s  to  th e  non-hydrogen  atom s and 
i s o t r o p ic  te m p e ra tu re  f a c t o r s  o f 5*0  to  th e  hydrogen  atom s r e s u l t e d  i n  
R = 0.079* The R f a c t o r  d id  n o t  im prove when th e  i s o t r o p ic  te m p e ra tu re  
f a c to r s  o f  th e  hydrogen  atom s were a llo w ed  to  r e f i n e .  A f i n a l  F o u r ie r  
d i f f e r e n c e  map showed some sm a ll p e a k s , th e  l a r g e s t  o f  which was l . j j e / k ? .  
These peaks a re  somewhat h ig h e r  th a n  would be ex p e c te d  f o r  th e  b e s t  p o s ­
s i b l e  m odel, and may be a  r e s u l t  o f  th e  a v a i l a b l e  c r y s t a l  d a ta ,  s in c e  
th e  peaks a r e  d is p e r s e d  a t  random . I f  th e  model was a  p e r f e c t  m atch to  
th e  r e a l  c r y s t a l l i n e  l a t t i c e ,  th e  d i f f e r e n c e  map would be f e a t u r e l e s s .
An e r r o r  a n a ly s i s  o f  th e  f i n a l  s t r u c tu r e  f a c t o r s  showed no s y s te m a tic  
e r r o r s  a s  a  f u n c t io n  o f  s in ^ 0  o r  | Fq | . S y s te m a tic  e r r o r s  m a n ife s t  them ­
s e lv e s  a s  s y s te m a tic  s h i f t s  i n  r e s u l t s  and may be in h e r e n t  i n  th e  method 
o f  o b s e rv a t io n . The e r r o r  a n a ly s i s  a ls o  in d ic a te d  t h a t  r e f l e c t i o n s  w ith  
R -v a lu es  more th a n  tw ice  th e  f i n a l  R -v a lu e  were th e  w eakest r e f l e c t i o n s .
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C a lc u la t io n  o f  th e  bond d is ta n c e s  and a n g le s  i n  th e  p o s tu la te d
o
s t r u c tu r e  r e v e a le d  s e v e r a l  C—C bonds o f  m agnitude 1 .6 - 1 .8  A. These
o
v a lu e s  were much g r e a t e r  th a n  th e  r e p o r te d  C —C bond o f  1 .4  A i n  a
benzene r i n g .  B ecause o f  t h i s  d isc re p a n c y  i n  bond d i s ta n c e s  i n  th e
p o s tu la te d  m odel, a tte m p ts  were made to  f i n d  o th e r  s t r u c t u r a l  s o lu t io n s .
The a v a i l a b i l i t y  o f  a  r e c e n t l y  d ev e lo p ed  c r y s ta l lo g r a p h ic  p rogram , en - 
69t i t l e d  'SHELX' , i n i t i a t e d  th e s e  i n v e s t i g a t io n s .
There e x is t e d  th e  p o s s i b i l i t y  o f  th e  t r u e  s t r u c t u r e  b e in g  o f  low er 
sym m etry, namely b e lo n g in g  to  th e  noncen tro sym m etric  sp ace  g ro u p , Cc. 
A lthough th e  W ilson  t e s t  had  in d ic a te d  t h a t  th e  d a ta  su g g e s te d  a  c e n t r o ­
sym m etric m odel, a  b o r d e r l in e  c a se  was p o s s ib l e .  The sp ace  g roup Cc has 
fo u r  g e n e ra l  symmetry p o s i t io n s  (^ a )  r e p r e s e n te d  by: x ,y , z ;  x ,y ,-§+ z; 
i+ x , - |+ y ,z ; | " t x , | - y , f + z .  In  o rd e r  to  lo c a t e  th e  e ig h t  y t t r iu m  a tom s, 
two s e t s  o f  ^-a a ss ig n m en ts  were made: x , y , z  = 0 . 2 5 , 0 .^ 8 , 0 .2 0  and x ,y ,z  
= 0 .7 5 » 0 .5 2 ,0 .8 0 . A f te r  s i x  c y c le s  o f  f u l l  m a tr ix  i s o t r o p ic  r e f in e m e n t 
R was 0 .5 2 5 . The g e n e ra te d  c o r r e l a t i o n  m a tr ix  i n d ic a te d  th e  amount o f  
c o r r e l a t i o n  among th e  v a r io u s  p o s i t i o n a l  and th e rm a l p a ra m e te rs  o f  th e  
a tom s. High c o r r e l a t i o n  c o e f f i c i e n t s  ra n g in g  from  0 .9  to  1 .0  betw een 
a l l  p a ra m e te rs  o f  th e  su p p o sed ly  u n r e la te d  y t tr iu m s  in d ic a te d  th e  im­
p ro p e r  s e l e c t i o n  o f  sp ace  g roup Cc. The two s e t s  o f  y t t r iu m  atom s were 
a c tu a l ly  r e l a t e d  by a  c e n te r  o f  symmetry and th e  s t r u c t u r e  was o f  a  h ig h ­
e r  sym m etry, namely th e  p o s tu la te d  C 2/c sp ace  g ro u p .
An a tte m p t was made to  s o lv e  th e  s t r u c t u r e  on th e  b a s i s  o f  th e  
" D ire c t  M ethod". T his app roach  in v o lv e s  g e n e ra t in g  an  ad e q u a te  s e t  o f  
p h ases  by c o n s id e r a t io n  o f  th e  s t r u c tu r e  a m p litu d e s . One s t a r t s  w ith  
a  very  l im i t e d  number o f  p h a ses  and b u i ld s  on t h i s  pyram id  to  a  s e t  o f  
p h ases  la r g e  enough t o  g iv e  a  r e c o g n iz a b le  F o u r ie r  r e p r e s e n ta t i o n  o f  th e
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s t r u c t u r e .  The key to  th e  su c c e s  o f  t h i s  m ethod i s  th e  c o r r e c t  c h o ic e  
o f  s t a r t i n g  p h a s e s , h u t  modern m ethods o f  com puting  e n a b le  th e  i n v e s t i ­
g a t io n  o f  s e v e r a l  s t a r t i n g  p h ase  s e t s  to  s e e  which i s  b e s t .
The f a i l u r e  o f  t h i s  app roach  to  th e  s o lu t i o n  o f  th e  y t t r iu m  a n -  
t h r a n i l a t e  s t r u c t u r e  was due to  th e  la c k  o f  n e c e s s a ry  p a r i t i e s  f o r  a  s e t  
o f  s t a r t i n g  p h a s e s . The sp ace  g roup  C 2/c h a s  a  l im i te d  number o f  r e ­
f l e c t i o n  p a r i t i e s :  e e e ,  e eo , o o e , ooo. The p h a ses  o f  eee r e f l e c t i o n s  
a re  alw ays p o s i t i v e  so  t h a t  th e y  a re  f ix e d  by th e  s t r u c tu r e  ( s t r u c t u r e  
i n v a r i a n t s )  and c a n n o t be g iv e n  v a lu e s  a t  w i l l .  A l l  th e  re m a in in g  p a r i ­
t i e s  a r e  p o s i t i v e  f o r  f o u r  o r ig in s  and n e g a tiv e  f o r  f o u r .  The p h a ses  
must be a s s ig n e d  p ro p e r ly  i n  o r d e r  to  f i x  th e  o r ig i n ,  b u t  th e  r u l e s  f o r ­
b id  th e  c o m b in a tio n  o f  two o r  th r e e  r e f l e c t i o n s  whose in d ic e s  add to  e e e . 
T h e re fo re , a c c o rd in g  to  p a r i t y  a r i t h m e t i c ,  eeo+ooe+ooo = eee which i s  
n o t a llo w e d . The o n ly  means f o r  s o lv in g  t h i s  s t r u c tu r e  m igh t be th e  
t ra n s fo rm a t io n  o f  th e  c e n te re d  c e l l  to  a  p r im i t iv e  c e l l  which would p ro ­
v ide  th e  n e c e s s a ry  p a r i t i e s  to  b u i ld  a  s e t  o f  s t a r t i n g  p h a se s . The o th e r  
a l t e r n a t i v e  would be to  s u b t r a c t  th e  heavy atom c o n t r ib u t io n  from  th e  
obse rv ed  s t r u c t u r e  f a c t o r s ,  o b ta in in g  th e  m agnitude and s ig n  o f  th e  l i g h t
atom c o n tr ib u t io n s  f o r  th e s e  r e f l e c t i o n s ,  and s o lv in g  th e  re m a in in g  o r -
70g am e p a r t  o f  th e  s t r u c t u r e .  Both o f  th e s e  m ethods a re  com plex and 
r e q u i r e  com puter program s which a re  n o t  a v a i l a b l e  to  us a t  t h i s  t im e .
S in c e  th e  a l t e r n a t i v e  m ethods o f  s o lu t i o n  had prom pted no new p o s­
tu l a t e d  s t r u c t u r e ,  work was resum ed w ith  th e  f i n a l  m odel. F u r th e r  com­
p u ta t io n s  w ere c a r r i e d  o u t  w ith  'SHELX' c r y s ta l lo g r a p h ic  p rog ram s. S ix  
c y c le s  o f  f u l l  m a tr ix  l e a s t  sq u a re s  r e f in e m e n t  w ith  i s o t r o p ic  tem p era ­
tu r e  f a c t o r s  o f  th e  th i r ty - tw o  non-hydrogen  atom s r e s u l t e d  i n  R = 0 . 2 7 7 . 
T his v a lu e  was i n  ag reem en t w ith  th e  p r e v io u s ly  r e p o r te d  R f a c t o r  from
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th e  f u l l  m a tr ix  c a l c u l a t i o n  o f  th e  ORXFIS program . The s l i g h t  d i f f e r e n c e  
in  th e  v a lu e s  was due to  th e  m ethod o f  c a lc u l a t i o n  o f  th e  s t r u c t u r e  f a c ­
t o r s .  S im i la r ly ,  a  f u l l  m a tr ix  a n is o t r o p ic  c a l c u l a t i o n  o f  a l l  non -hyd ro ­
gen atom s gave R = 0.099* T h is  c a l c u l a t i o n  was n o t p o s s ib le  w ith  th e  
ORXFIS program  b ecau se  o f  th e  la r g e  a r r a y s  needed  f o r  co m p u ta tio n  which 
c o u ld  n o t be h a n d le d  by th e  U n iv e r s i ty 's  DEC-10 com puting sy s tem . A t
t h i s  s ta g e  th e  o p t io n  o f  f i x i n g  th e  c a rb o n  atom s i n to  a  r e g u la r  hexagon
o
was a tte m p te d . The C—C bond d i s ta n c e s  were a s s ig n e d  to  1 .3 9 5  A, and 
th e  benzene r i n g  was r e f i n e d  a s  a  r i g i d  g ro u p . A f te r  f o u r  c y c le s  o f  f u l l  
m a tr ix  r e f in e m e n t ,  a s s ig n in g  a n is o t r o p ic  te m p e ra tu re  f a c t o r s  to  non­
hydrogen a tom s, th e  R f a c t o r  had in c r e a s e d  to  0 .1 2 2 . These p a ra m e te rs  
were in p u t  in to  th e  N a tio n a l  R ese a rc h  C o u n c i l 's  b lo c k  d ia g o n a l l e a s t  
sq u a re s  program  and th e  r in g s  were a llo w ed  to  r e f i n e  in d e p e n d e n tly . A f te r  
fo u r  c y c le s  o f  l e a s t  s q u a re s  r e f in e m e n t ,  th e  R f a c t o r  was 0 .099  b u t th e  
ca rbon  atom s o f  th e  r in g s  were found  to  be d r i f t i n g  tow ard  th e  o r ig i n a l  
p o s i t io n s  i n  th e  p o s tu la te d  m odel. The benzene r i n g s  s t i l l  c o u ld  n o t be 
c l e a r l y  d e f in e d . F u r th e r  r e f in e m e n t  would o n ly  r e s u l t  i n  a  model l i k e  
th e  one a lr e a d y  p o s tu la te d .
Thus f a r  th e  r e f in e m e n t  had in c lu d e d  o n ly  th e  o b se rv ed  r e f l e c t i o n s .  
I t  was th o u g h t t h a t  th e  a d d i t io n  o f  th e  u n observed  r e f l e c t i o n s  m igh t add 
a d d i t io n a l  p h a s in g  t o  th e  m odel and im prove th e  q u a l i ty  o f  th e  bond d i s ­
ta n c e s .  F our c y c le s  o f  b lo c k  d ia g o n a l  l e a s t  sq u a re s  re f in e m e n t in c lu d ­
in g  a l l  1393 r e f l e c t i o n s ,  b o th  o b se rv ed  and u n o b se rv ed , gave an  R in d ex  
o f O.O9 8 . No n o t ic a b le  im provem ent i n  th e  bond d i s ta n c e s  o f  th e  benzene 
r in g s  r e s u l t e d .
A l l  a tte m p ts  to  im prove th e  bond ing  d i s ta n c e s  w ith in  th e  benzene 
r in g s  were f r u i t l e s s .  The e r r o r  a p p a re n tly  l i e s  i n  th e  q u a l i ty  o f  th e
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d a ta  s e t .  F o r b e t t e r  bond p a ra m e te rs  a  l a r g e r  d a ta  s e t  sh o u ld  be c o l ­
l e c t e d  w ith  an  a u to m a tic  d i f f r a c to m e te r .  N e v e r th e le s s ,  th e  p h o to g ra p h ic  
d a ta  s e t  h as  g iv e n  th e  b a s ic  s k e l e t a l  s t r u c tu r e  o f  th e  compound. B lock 
d ia g o n a l l e a s t  sq u a re s  r e f in e m e n t was c o n tin u e d  w ith  a n is o t r o p ic  tem per­
a tu r e  f a c t o r s  u n t i l  a  f i n a l  R -v a lu e  o f  0.081 was re a c h e d  f o r  th e  t h i r t y -  
two non-hydrogen  a tom s. A f i n a l  d i f f e r e n c e  map showed s e v e r a l  sm a ll
°3
peaks o f  i n t e n s i t y  0 .8 5 -1 .2  e/A . These u n d o u b ted ly  a re  lo c a t io n s  o f 
hydrogen a tom s. The q u a l i t y  and s i z e  o f  th e  d a ta  s e t ,  how ever, does n o t 
p e rm it th e  a c c u ra te  a ss ig n m en t o f  th e s e  hydrogen  p o s i t i o n s .  The v a lu e s  
o f  th e  r e f i n e d  p a ra m e te rs  a r e  g iv e n  i n  T able  VI a lo n g  w ith  t h e i r  e s tim a te d  
s ta n d a rd  d e v ia t io n s  ( i n  p a r e n th e s e s ) .  A summary o f  th e  s u c c e s s f u l  s ta g e s  
o f  th e  r e f in e m e n t  i s  g iv e n  i n  Table V II and a  t a b u la t i o n  o f  th e  o b se rv ed  
s t r u c tu r e  f a c t o r s  and th e  f i n a l  c a lc u la t e d  s t r u c t u r e  f a c t o r s  i s  g iv e n  
in  T able  V I I I .
Table VI
cL bF in a l  P o s i t i o n a l  and Therm al P a ram e te rs  ’ 
f o r  Y( H^NCgH^C0 0 ) ^ ’ HgO
I
P o s i t i o n a l  P a ram e te rs
Atom X y z
Y 0 . 2 5 1 6 ( 1 ) 0 .4 8 8 4 (3 ) 0 .20 5 7 (2 )
0 (7 ) 0 . 2 5 5 2 ( 6 ) 0 . 5 2 1 6 ( 2 9 ) 0 .0 547 (12 )
Ligand 1
0 (1 ) 0 . 1 97 ( 1 ) 0 .6 7 3 (4 ) 0 . 3 85 ( 1 )
0 ( 2 ) 0 . 1 5 4 ( 1 ) 0 .6 1 1 (4 ) 0 .4 3 5 (1 )
0 (3 ) 0 . 1 5 3 ( 1 ) 0 .4 6 9 (4 ) 0 .4 7 7 (1 )
c (4 ) 0 . 1 11 ( 1 ) 0 .4 0 1 (4 ) 0 . 5 16 ( 2 )
0 (5 ) 0 . 071 ( 1 ) 0 .4 7 8 (4 ) 0 . 5 26 ( 2 )
c(6 ) 0 . 074( 1 ) 0 .6 2 1 (5 ) 0 .4 8 6 (2 )
0 (7 ) 0 .1 1 4 (1 ) 0 .6 9 2 (4 ) 0 .4 4 5 (2 )
0 (1 ) 0 . 2 2 7 6 ( 4 ) 0 .6075 (20 ) 0 .3 4 2 2 (8 )
0 (2 ) 0 . 1 9 8 3 ( 6 ) 0 . 8160 ( 2 5 ) 0 .3836 (11 )
n ( i ) 0 . 19 1 7 ( 8 ) 0 . 3 8 0 9 ( 2 7 ) 0 .4 663 (15 )
Ligand 2
0 (8 ) 0 . 3 3 1 ( 1 ) 0 .7 4 5 ^ ) 0 .2 0 4 (2 )
0 (9 ) 0 . 3 7 8 ( 1 ) 0 .7 2 4 (4 ) 0 .1 8 7 (2 )
0 (1 0 ) 0 .4 0 0 ( 1 ) 0 .8 2 0 (4 ) 0 .2 3 4 (2 )
0 (1 1 ) 0.44-8(1) 0 .8 0 2 (6 ) 0 .2 1 8 (3 )
0 (1 2 ) 0 .4 7 0 (1 ) 0 .7 3 6 (5 ) 0 .1 4 7 (3 )
0 (1 3 ) 0 .4 5 1 (2 ) 0 .6 1 7 (5 ) 0 .1 0 0 (3 )
0 (1 4 ) 0 .4 0 1 (1 ) 0 .6 1 7 (5 ) 0 .1 1 5 (2 )
P o s i t io n a l  Param eters - Continued
Atom x y z
0 (3 ) 0 .3 1 1 3 (6 )
0 (4 ) 0 . 3022 ( 5 )
N(2) 0 .3 7 9 (1 ) '
L igand 3
c ( l 5 ) 0 .3 1 1 (1 )
0 ( 1 6 ) 0 .3 5 5 (1 )
0 (1 7 ) 0 .3 5 6 (1 )
C ( l8 ) 0 .4 0 0 (1 )
c ( l 9 ) 0 .4 3 8 ( 1 )
C (20) 0 .4 3 6 ( 1 )
0 (2 1 ) 0 . 3 9 4 ( 1 )
0 (5 ) 0 .2 8 2 1 (6 )
0 (6 ) 0 .3 0 6 9 (5 )
n(3 ) 0 . 3 2 0 1 ( 8 )
0 .6 3 7 4 (1 8 ) 0 . 17 3 9 ( 1 1 )
0 .8 2 9 0 (2 0 ) 0 .2 5 2 9 (1 1 )
0 .8 8 8 (4 ) 0 .3 1 5 (2 )
0 .2 7 0 (2 ) 0 . 3 0 5 ( 2 )
0 .3 3 5 (3 ) 0 .3 1 1 (1 )
0 .4 6 2 (3 ) 0 .3 5 7 (1 )
0 .5 1 3 (4 ) 0 . 363 ( 2 )
0 .4 2 3 (3 ) 0 .3 2 3 (2 )
0 . 3 0 2 ( 4 ) 0 .2 7 7 (2 )
0 .2 5 7 (4 ) 0 .2 7 4 (2 )
0 . 3 6 2 3 ( 1 6 ) 0 .3 0 4 4 (1 2 )
0 . 1391 ( 1 7 ) 0 . 3030 ( 1 1 )
0 .5 6 1 9 (3 0 ) 0 .3 992 (15 )
Table VI—Continued
/  ?  °  2 \A n is o tro p ic  Thermal P a ram e te rs  (x l(K  A )
Atom U11 U22 U33 L?12 U13 u23
Y 1 5 -5 (1 .3 ) 4 0 .6 ( 2 .1 ) 8 .4 ( 1 .0 ) 1 .7 ( 2 .0 ) - 5 0 .1 (9 .0 ) 0 . 9 ( 1 . 6 )
0 (7 ) 5 4 .7 (1 2 .5 ) 1 4 6 .2 (2 3 .2 ) 9 - 1 ( 9 - 8 ) 1 1 .4 (1 6 .2 ) - 9 9 .6 ( 9 .8 ) 2 2 . 0 ( 1 3 . 9 )
L igand 1
c ( i ) 2 3 .3 (1 6 .0 ) 1 0 6 .4 (2 9 .3 ) - 2 9 .8 (9 .9 ) 3 3 .3 (1 6 .8 ) -2 0 .2 (1 0 .4 ) -2 0 .4 (1 2 .9 )
0 ( 2 ) 8 1 .0 (2 4 .1 ) 1 0 8 .7 (2 9 .3 ) - 2 5 .8 (9 .9 ) 3 3 -8 (2 0 .2 ) -1 0 6 .1 (1 5 .5 ) 5 .3 ( 1 5 .8 )
0 (3 ) 6 7 .2 (2 0 .3 ) 1 0 0 .2 (3 2 .3 ) - 2 0 .7 (9 .9 ) -1 3 -5 (2 0 .2 ) - 6 8 .6 (1 0 .4 ) 1 3 . 8 ( 1 6 . 2 )
c (4 ) 3 0 .6 (1 7 .2 ) 9 1 .9 (2 9 .3 ) 8 .9 (1 5 .9 ) 2 4 .4 (1 7 .5 ) -1 0 0 .5 (1 5 .5 ) - 1 2 . 7 ( 1 6 . 8 )
0 (5 ) 8 5 .4 (2 3 .7 ) 7 0 .5 (3 1 .8 ) 4 7 .4 (2 0 .9 ) -2 0 .6 (2 4 .2 ) - 1 1 9 .3 (2 0 .7 ) 3 0 .3 (2 1 .3 )
c ( 6 ) 3 4 .5 (2 0 .3 ) 1 7 6 .3 (4 1 .9 ) 2 3 .1 (1 9 .9 ) 2 4 .7 (2 4 .2 ) - 8 0 . 8 ( 1 7 . 6 ) 1 . 6 ( 2 2 . 6 )
0 (7 ) 5 3 -0 (2 1 .5 ) 8 3 .6 (2 9 .3 ) 1 1 .7 (1 5 .9 ) - 1 .7 (2 0 .2 ) - 9 7 .6 (1 6 .6 ) - 3 9 . 8 ( 1 7 . 8 )
0 ( 1 ) - 5 . 2 ( 8 . 6 ) 7 4 .4 (1 5 .1 ) - 3 2 .1 (5 .9 ) - 1 5 .3 (8 .7 ) - 4 . 8 ( 6 . 0 ) - 4 7 . 8 ( 7 . 8 )
0 (2 ) 2 5 . 0 ( 1 1 . 2 ) 1 1 8 .4 (2 0 .9 ) 1 4 .6 ( 9 .9 ) 4 .7 ( 1 2 .1 ) - 4 .1 ( 9 .3 ) - 9 0 . 8 ( 1 1 . 9 )
K ( l) 6 0 .3 (1 7 .2 ) 3 3 .9 (1 8 .7 ) 2 9 .3 (1 3 .9 ) - 0 .9 ( 1 3 .4 ) -1 0 6 .4 (1 0 .4 ) - 2 4 . 9 ( 1 2 . 9 )
A niso tro p ic  Thermal P aram eters—Continued
Atom U11 U22 J33 U12 U13 D23
Ligand 2
C (8) 2 3 .2 (1 7 .2 ) 6 9 .9 (2 9 .3 ) 2 9 .4 (1 9 .9 ) - 3 .8 (1 3 .4 ) - 2 7 .1 (1 4 .9 ) 2 0 . 8 ( 1 9 .4 )
C(9) -1 2 .9 (1 2 .9 ) 1 0 8 .8 (3 3 -5 ) 3 5 .4 (1 9 .9 ) - 3 .8 (1 3 .4 ) -5 5 -1 (1 0 .4 ) - 1 . 2 ( 1 9 .4 )
G(10) 3 4 .9 (1 9 -8 ) 6 3 .9 (2 9 .3 ) 5 0 .1 (1 9 .9 ) 1 0 .1 (2 0 .2 ) - 8 9 . 1 ( 1 0 . 4 ) - 3 2 . 0 ( 1 9 . 4 )
c ( n ) 6 8 .9 (2 5 .9 ) 1 8 9 .8 (5 0 .3 ) 7 9 .9 (2 9 .9 ) 1 8 .7 (3 0 .2 ) -9 9 .7 (1 3 .4 ) - 7 4 . 1 ( 3 2 . 3 )
C(12) 8 1 .0 (2 5 .9 ) 1 6 3 .2 (4 6 .1 ) 9 0 .5 (2 9 .9 ) - 1 . 1 ( 3 0 . 2 ) -1 0 4 .2 (1 8 .2 ) - 6 0 . 8 ( 3 2 . 3 )
C(13) 1 2 4 .1 (3 7 .5 ) 1 1 1 .4 (4 1 .9 ) 9 7 .4 (3 4 .2 ) - 1 2 .7 (3 3 .6 ) - 3 9 .9 (1 8 .8 ) - 6 5 . 8 ( 3 2 . 0 )
C (l4 ) - 6 . 0 ( 1 7 . 2 ) 1 5 1 .2 (3 9 .5 ) 7 0 .6 (1 9 .9 ) -2 7 .1 (1 8 .8 ) -4 3 .4 (1 5 .5 ) - 7 5 . 3 ( 2 5 . 8 )
0 (3 ) 5 7 -3 (1 2 .9 ) 1 . 6 ( 1 6 . 8 ) 2 2 .8 ( 9 .9 ) -1 0 .5 (1 0 .1 ) - 8 8 .1 ( 9 .3 ) -1 8 .2 (9 .7 )
o(4) 1 9 .8 (1 0 .8 ) 5 7 .1 (1 6 .8 ) 1 9 .2 ( 9 .9 ) -6 .9 (1 0 .1 ) - 9 0 .3 (9 .3 ) 1 1 .1 (1 0 .6 )
N(2) 48.7(17.2) 1 8 5 . 8 ( 3 7 .? ) 8 4 .6 (1 0 .9 ) - 1 .8 (2 0 .2 ) -1 2 1 .8 (1 2 .9 ) -2 1 .7 (2 2 .6 )
L igand 3
0 (1 5 ) 5 6 .5 (1 7 .2 ) -7 1 .4 (1 6 .8 ) 1 2 .9 ( 9 .9 ) - 4 .9 (1 3 .4 ) -8 1 .5 (1 0 .4 ) - 1 4 .7 (9 .7 )
G(l6 ) 1 5 .5 (1 2 .9 ) 1 1 -9 (2 0 .9 ) - 2 .7 ( 9 .9 ) 3 3 .4 (1 3 -4 ) -9 3 .6 (1 0 .4 ) 1 .7 (1 2 .9 )
0 (1 ? ) 2 9 .3 (1 7 .2 ) 4 3 .4 (2 5 .2 ) - 3 .1 ( 9 .9 ) 3 9 .3 (1 3 .4 ) -8 4 .7 (1 2 .7 ) - 6 .7 (1 3 .9 )
C (l8 ) 7 2 . 4 ( 2 0 . 7 ) 5 2 .9 (2 3 .0 ) 3 1 -5 (1 8 .3 ) 2 8 .0 (2 2 .3 ) -1 2 2 .0 (1 7 .4 ) -4 7 .2 (2 0 .2 )
0 (1 9 ) 5 6 .5 (2 3 .? ) 3 5 .9 (2 3 .9 ) 1 2 1 . 0 ( 3 2 . 0 ) 4 .9 ( 1 8 .0 ) - 1 6 1 . 5 ( 2 5 . 2 ) - 4 .9 (2 1 .4 )
C(20) 3 7 .9 (1 9 .4 ) 3 5 -8 (2 7 .8 ) 5 7 .9 (2 2 .3 ) ■ 27.5(17 .7) -9 6 .9 (1 8 .? ) -1 3 -3 (1 8 .6 )
0 (2 1 ) 2 5 .0 (1 7 .2 ) 8 8 .5 (3 1 .3 ) 0 0 . 0 ( 1 3 . 9 ) - 2 .6 (1 7 .5 ) -4 8 .3 (1 3 .7 ) - 3 . 8 ( 1 6 . 2 )
A n iso tro p ic  Thermal P aram eters—Continued
Atom Uu U22 U33 U12 ”13 u23
0(5) 8?.5(15-1) -71-4(11.7) 62 . 4(12.9) -9 .3(8 .7 ) -118.2(11.4) -2 .3(8 .3 )
0 (6 ) 38 .8(11 .2 ) -17.3(13-*0 39.8(10.9) 1.9(8.7) -105.0(9.3) -12 .8(9 . 0 )
N(3) 7^.6(17 .2 ) 116.1(28 . 3 ) 13.9(9.9) -28 .9 (13 .4 ) -116.7(10.4) 63.9(12.9)
3. The a n is o t r o p ic  th e rm a l p a ra m e te r  i s  d e f in e d  a s :
f  = f  exp£-2tr2 (U .,h 2a *2 + U00k2b*2 + U„_l2 c *2 + 2U. -hka*b* + 2U ._h la*c*  + 2U0 „k lb * c * )3  o 11 22 33 12 13 23
E stim ated  s ta n d a rd  d e v ia t io n s  a re  g iv e n  i n  p a re n th e s e s ,  x , y , and s  a r e  f r a c t i o n a l  c o o rd in a te s
Table VII
Sum m ary o f  R e f in e m e n t  S t a g e s
A to m s
M e th o d  o f  
A tom  
L o c a t i o n
M e th o d  o f  
R e f in e m e n t
T e m p e r a tu r e
F a c t o r s
C y c l e s  o f  
R e f in e m e n t R - v a l u e
Y ,0 ( l ) , 0 ( 2 ) ,0 ( 3 ) ,  %
o( 4 ) , o( 5 ) , o( 6 ) , o( 7 ) ,
N (1),H (2 ),N ('3 )
A l l  n o n -H -a to m s
A l l  n o n -H -a to m s
A l l  n o n -H -a to m s
A l l  n o n -H -a to m s
Y (a n o m . d i s p . ) »  
A l l  n o n -H -a to m s
P a t t e r s o n
F o u r i e r
F o u r i e r
F o u r i e r
F o u r i e r
F o u r i e r
D i f f e r e n c e
F o u r i e r
D i f f e r e n c e
B l o c k  D i a g o n a l
B l o c k  D i a g o n a l
B l o c k  D i a g o n a l
F u l l  M a t r i x  
ORXFIS
F u l l  M a t r i x  
SHELX
F u l l  M a t r i x  
SHELX
B l o c k  D i a g o n a l
I s o t r o p i c
I s o t r o p i c
I s o t r o p i c
I s o t r o p i c
I s o t r o p i c
A n i s o t r o p i c















C a lc u la te d  and O bserved S t r u c tu r e  F a c to r s  
f o r  Y(H2NC6H^GOO)3 • HgO
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I V . RESULTS AND D ISCUSSIO N
The m o le c u la r  geom etry and th e  l ig h t - a to m  num bering scheme a re  
shown i n  F ig u re  1 0 , w h ile  F ig u re  11 d e p ic t s  th e  c o o rd in a t io n  a round  th e  
y t t r iu m s .  These d raw ings show th e  y t t r iu m  atom s a s  s e v e n -c o o rd in a te  — 
n o t s u r p r i s in g  s in c e  t h i s  i s  one o f  th e  m ost common c o o rd in a t io n  geom­
e t r i e s  f o r  y t t r iu m . Of th e  s e v e r a l  p o s s ib le  s e v e n -c o o rd in a te  g e o m e tr ie s , 
even th e  more sy m m etrica l ones d i f f e r  l i t t l e  from  one a n o th e r ,  and th e  
geom etry o b se rv ed  i n  any one m olecu le  may r e f l e c t  th e  c o n s t r a in t s  p la c e d
31on th e  com plex by l ig a n d  s t e r i c  re q u ire m e n ts  and p a c k in g  c o n s id e r a t io n s .
In  th e  p r e s e n t  c a s e ,  th e  c o o rd in a t io n  p o ly h ed ro n  o f  th e  oxygen atom s ( 0 ( l )
- 0 ( 7 )  ) a b o u t th e  c e n t r a l  m e ta l atom may be d e s c r ib e d  a s  a  d i s t o r t e d
monocapped o c ta h e d ro n  sym m etry). The oxygen atom o f  th e  w a te r o f
h y d ra t io n  l i e s  above th e  c e n te r  o f  one f a c e  (O^-O^-O^) o f  th e  d i s t o r t e d
o c ta h e d ro n  c o n s i s t in g  o f  s ix  oxygen atom s from  th e  o r th o -am inobenzoate
l ig a n d s .  Each o r th o -am inobenzoate  g roup f u n c t io n s  as  a  b id e n ta te  l ig a n d ,
b u t th e  two s i t e s  o f  a tta c h m e n t a re  n o t a s s o c ia te d  w ith  th e  same y t tr iu m
atom . T h is  i s  s im i la r  to  th e  oxygen bonding  found  i n  th e  b i s f o r th o -
12a m in o b e n z o a to )c o p p e r(II ) compound.
I n  t r i s ( o r th o -a m in o b e n z o a to )a q u o y ttr iu m (I II )  th e  o c ta h e d ro n  i s  
d i s t o r t e d  by a  s p re a d in g  a p a r t  o f  th e  atom s d e f in in g  th e  capped  f a c e :
Og, 0 ^ , and 0g . The g r e a t e s t  amount o f  d i s t o r t i o n  i s  ca u se d  by 0g. As 
a  r e s u l t ,  th e  a n g le s  O^-Y-O^, O^-Y-O^, and O^-Y-Or, m easure 53*5 1 5 7 .9» 
and 9 9 .^  ° r e s p e c t i v e ly ,  i n  com parison  w ith  th e  id e a l iz e d  5^*7°* More­
o v e r , th e re  i s  an  ex p an sio n  o f  th e  a n g le s  O^-Y-O^, O^-Y-O^, and Og-Y-O^ 
to  6 9 . 7 * 1 0 7 *2 , and 1 5 0 .6 ° , w h ile  0^ -Y -0^ , 0^-Y -0^ , and 0^-Y -0^ c o n t r a c t
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t o  6 9 .O , 71-1» and. 8 1 .0 ° ,  r e s p e c t i v e l y .  T he d i m e n s i o n s  o f  t h e  d i s t o r t e d  
p o l y h e d r o n  a r e  g i v e n  m o re  f u l l y  i n  T a b le  I X .
The e q u a to r i a l  p o s i t io n s  o f  th e  d i s t o r t e d  o c ta h e d ro n  a re  occu p ied  
by f o u r  oxygen a to m s, each  from  a  d i f f e r e n t  o r th o -am inobenzoate  l ig a n d .
The oxygens 0 (2 )  and 0 ( 3 ) a r e  c i s  to  each  o th e r ,  a s  a re  0 ( l )  and 0 ( 4 ) .  
A x ia l p o s i t io n s  a r e  o cc u p ie d  by 0 (5 )  and 0 ( 6 ) ,  a g a in  b e lo n g in g  to  d i f ­
f e r e n t  o r th o - am inobenzoate  l ig a n d s .  Thus a  t o t a l  o f  s i x  o r th o -am ino- 
b en zo a te  r e s id u e s  a r e  a s s o c ia te d  w ith  each  y t t r iu m  atom . The r e s u l t  o f  
t h i s  mode o f  c o o rd in a t io n  i s  t h a t  each  y t t r iu m  atom i n  th e  (100 ) p la n e  
i s  a t t a c h e d  to  two o th e r  y t t r iu m s  v ia  c a rb o x y la te  b r id g e s  to  g iv e  two 
po lym eric  p a r a l l e l  c h a in s  lo c a te d  a t  an  x  c o o rd in a te  o f  0 .2 5  f o r  th e  
y t t r iu m  atom . A s im i la r  s e t  o f  p a r a l l e l  c h a in s  i s  lo c a te d  a t  an  x c o ­
o r d in a te  o f  0 .7 5  f o r  th e  c e n t r a l  m e ta l atom . A t o t a l  o f  fo u r  po lym eric  
c h a in s  a re  w i th in  th e  u n i t  c e l l .  F ig u re  12 i s  a  r e p r e s e n ta t i o n  o f  one 
h a l f  th e  u n i t  c e l l  i n  th e  ^ 100J d i r e c t i o n ,  showing one s e t  o f  th e s e
p a r a l l e l  c h a in s .  A tw o -d im en sio n a l p o ly m eric  netw ork  h as  been  r e p o r te d
1 P
f o r  t h e  b i s ( o r t h o - a m i n o b e n z o a t o ) c o p p e r ( l l )  c o m p o u n d . I n  t h i s  m o l e ­
c u l e ,  t h e  c o p p e r  a to m s  i n  t h e  ( 1 0 0 )  p l a n e  a r e  a t t a c h e d  t o  f o u r  o t h e r  
c o p p e r  a to m s  v i a  c a r b o x y l a t e  b r i d g e s .  T h e  r e s u l t  i s  a  n e t w o r k  o f  p o l y ­
m e r ic  s h e e t s .  A s  w i t h  t h e  c o p p e r  c o m p o u n d , t h e  a r o m a t i c  r i n g s  o f  t h e  
o r t h o - a m i n o b e n z o a t e  l i g a n d s  i n  t h e  y t t r i u m  c o m p o u n d  e x t e n d  n e a r l y  p e r ­
p e n d i c u l a r  o n  e i t h e r  s i d e  o f  t h e  p o l y m e r i c  c h a i n s  a n d  m ay p r o v i d e  l a t e r a l  
s t a b i l i t y .  T h i s  p o l y m e r i c  a r r a n g e m e n t  p r o b a b l y  i s  t h e  s o u r c e  o f  t h e  
c o m p o u n d 's  e x t r e m e  i n s o l u b i l i t y .
F or p a c k in g  e f f i c i e n c y ,  th e  a ro m a tic  r in g s  o f  th e  o rth o -a m in o ­
b en zo a te  l ig a n d s  a re  n e s te d  i n  th e  u n i t  c e l l  n e a r ly  p e rp e n d ic u la r  to  
th e  b -c  l a t t i c e  d i r e c t i o n .  The r in g s  s ta c k  i n  a  c lo s e  packed  a r r a y  t i l t e d
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Table IX
clC h a r a c t e r i s t i c  P a ra m e te rs  o f  th e  C o o rd in a tio n  P o lyhedron
Atoms D is ta n c e s (A ; Atoms A n g les(d eg )
CM
01o 5-32(3) °2"03"°l 94.1(7)
d*1c-\
o
4.99(3) °3“° r 04 89.5(7)
0 1 o ON 3 .68(2 ) 01"°4_02 9 1 .2(6 )
°2-°3 3 . 06(2 ) V ° 2 - ° 3 82.2(7)
V °5 3.07(2) °2-°6-°4 62.5(7)
O1<S* 2.63(3) °3 -°6 -°l 87.7(6)
<5*1r-t
O
2.93(3) °2-°5-°4 100 .1 (6 )
0 1 o
Vji 2 .96(2 ) °3"°5"°1 80.1(7)
° r ° 3 4.14(2)
°2-°6 4.88(3)
°3_06 3.66(3) °2“y“°7 53.5(7)




2.35(3) °6 -y- ° 7 98.9(7)
£>-
O1o 2.28(3) °2"Y-°3 69.7(5)
°6~°7 3.45(3) 03-Y -°6 107.2(6)
°2“Y“°6 150 .6(6 )
° r Y"°4 69.0(5)
V y"°5 71.1(7)
°l"Y"°5 81 . 0( 7 )
°5"y"°6 127.4(7)
E s tim a te d  s ta n d a rd  d e v ia t io n s  a re  g iv e n  i n  p a re n th e s e s  and a re  
c a lc u la t e d  from  th o se  d e r iv e d  f o r  th e  p o s i t i o n a l  p a ra m e te rs
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a t  4 0 -5 0 °  a n g le s  w ith  r e s p e c t  to  th e  a -b  p la n e .  An a l t e r n a t i n g  p a t t e r n  
o f  th r e e  r in g s  s lo p in g  tow ard  th e  [ d o ]  d i r e c t i o n ,  th e n  th r e e  r i n g s  s lo p ­
in g  tow ard  th e  [ 010 ] d i r e c t i o n  i s  o b se rv e d  th ro u g h o u t th e  u n i t  c e l l .  
F ig u re  13 i l l u s t r a t e s  t h i s  c lo s e  m o le c u la r  p a c k in g  o f  th e  p h en y l g roups 
o f  th e  o r th o -am inobenzoate  l ig a n d s  i n  th e  y t t r iu m  com plex.
The bond d i s ta n c e s  and a n g le s  fo und  i n  t r is (o r th o -a m in o b e n z o a to )  
a q u o y t t r iu m ( I I I ) a r e  l i s t e d  i n  T able  X. The a x i a l  bond le n g th s  o f 
Y— 0 (5 )  and Y— 0 ( 6 ) ,  1 .8 6  and 2 .24A , r e s p e c t iv e ly  a re  n o t ic e a b ly  s h o r t e r
th a n  th e  e q u a to r ia l  bond le n g th s  o f  Y— 0 ( l ) ,  Y— 0 ( 2 ) ,  Y— 0 ( 3 ) ,  Y— 0 ( 4 ) s
o
2 . 6 l ,  2 .8 2 , 2 .4 6 , and 2 .55A , r e s p e c t i v e ly .  These a re  w hat would be ex ­
p e c te d  w ith  th e  J a h n -T e l le r  e f f e c t  i n  o p e ra t io n .  The m agnitudes o f  th e
o b se rv ed  bond d i s ta n c e s  i n  Y**’N ( l ) ,  Y, , , N (2 ), and Y‘ * 'N (3 ) ; 3*64, 4 .0 3 ,  
o
and 3 .23A , r e s p e c t iv e ly  a r e  to o  l a r g e  f o r  c o o rd in a t io n  o f  th e  y t t r iu m
atom to  th e  n i tr o g e n s  o f  th e  l ig a n d s .  The C-0 d i s ta n c e s  i n  th e  c a rb o n y l
group a re  s i g n i f i c a n t l y  d i f f e r e n t  e s p e c i a l l y  i n  L igands 1 and 2 . T h is
i s  an  i n d ic a t i o n  t h a t  th e  p i  d e lo c a l i z a t i o n  betw een th e s e  two bonds i s
n o t e q u a l— p o s s ib ly  a s  a  consequence o f  th e  bonding  a rra n g e m e n t. The
bond a n g le s  C ( l ) -0 (2 ) -Y  and C ( l5 ) - 0 ( 5 ) - Y .(1 2 6 (2 )°  and 1 2 8 (2 )° )  s u p p o r t  
2
sp  h y b r id iz a t io n  o f  0 (2 )  and 0 ( 5 ) .  The re m a in in g  bond a n g le s :  C (8 )-
0(3)-:Y , C ( l5 ) -0 (6 ) -Y , C ( l ) - 0 (1 ) - Y , and G (8 )-0 (4 )-Y  ( 1 3 6 (2 ) ° ,  1 3 4 (2 )° ,
1 5 7 ( l)°»  and 1 6 4 (2 )° )  a r e  o f  m agn itudes somewhat l a r g e r  th a n  would be 
2
ex p e c te d  f o r  sp  h y b r id iz a t io n  and may r e s u l t  due to  th e  r i g i d i t y  o f  th e  
o rg an ic  l ig a n d .  The bond le n g th s  o f  th e  a ro m a tic  r i n g s  d i f f e r  i n  many 
in s ta n c e s  from  th e  id e a l iz e d  G— G bond o f  1.395^* I n each  l ig a n d ,  th e r e  
ap p e a rs  to  be an  e lo n g a t io n  o f  a t  l e a s t  two C— G bonds on o p p o s ite  s id e s  
o f  th e  r i n g .  The d i f f e r e n c e  map in d ic a te d  no o th e r  p o s s ib le  lo c a t io n s  
f o r  th e  a s s ig n e d  a tom s, b u t  th e  h ig h  s ta n d a rd  d e v ia t io n s  o f  th e  p a ra m e te rs
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Bond D is ta n c e s  and A ngles i n  Y( H g N C 00 ) ^  • HgO5
,o
D is ta n c e s  (A;
L igand  1 L igand 2 L igand 3
G1 “ °1
1 .3 0 (4 )
C8 - ° 3 1 .1 5 (4 ) C15 _  °5 1 .2 3 (3 )
G1 “ °2 1 .4 3 (3 ) C8 - ° 4 1 .4 1 (4 ) C15 ~  °6 1 .1 9 (3 )
C1 ~ C2 1 .8 1 (4 ) G8 C9 1 .6 0 (4 ) C15  Cl 6
1 .4 5 (4 )
C2 “ C3
1 .4 4 (5 )
C9 _  G10 1 .1 8 (5 ) Cl 6 -  C17
1 .3 4 (4 )
c 3 “ N1
1 .5 1 (4 ) G10  ~  N2 1 .6 6 (4 ) C17 ~  N3
1 .7 1 (4 )
C3 “ C4
1 .6 7 (4 )
G10  _  G11 1 .5 8 (5 ) C17 ~  C18
1 .4 2 (4 )
c 4 “ C5 1 .4 7 (5 ) G11 ~  C12 1 .5 5 (6 ) C18  ~  C19
1 .6 7 (5 )
C5 “ c 6
1 .4 5 (6 )
C12  ~  C13 1 .3 1 (7 ) C19 ~  C20 1 .3 0 (5 )
c 6 ~ C7 1 .6 8 (5 ) C13 ~  Cl4 1 .5 9 (6 ) C20  C21
1 .3 6 (4 )
°7 ~ C2 1 .4 9 (5 ) Cl 4  —  C9 1 .7 7 (5 ) C21 -  Cl 6
1 .6 3 (4 )
N1 - ° 1 3 -1 9 (3 ) N2 - ° 4 2 .1 6 (3 ) ■ n3 - o5 2 . 3 6 ( 2 )
N1 “ °7 2 .1 6 (3 ) N2 - ° 7 3 .6 5 (3 ) N3 °7 4 .7 8 (3 )
E s tim a te d  s ta n d a rd  d e v ia t io n s a re  g iv e n  i n  p a re n th e s e s and a re  c a lc u la te d from
th o se  d e r iv e d  f o r  th e  p o s i t i o n a l  p a ra m e te rs .
-<!
Table X—Continued
Bond D is ta n c e s  and A ngles i n  Y(H2NCgH^C0 0 ) 3 ’ H2°  b
o
D is ta n c e s  (A)
Y-----0^ 2 . 61( 1 ) Y ...O ^  2 .5 5 ( 2 ) Y , \ 3 -6 4 (3 )
y..*o2 2 .8 2 (2 ) Y-----0^ 1 .8 6 (2 ) Y , N2 4 .0 3 (2 )
M 3
2 .4 6 (2 ) Y * '*06 2 .2 4 (2 )  
Y-----0? 2 .3 0 (2 )
A ngles ( d e g .)  
L igand 1
Y , N3 3 .2 3 (2 )





1 37(2) c3 -  c 2 — c ? 105( 2 ) C4 -  c 5 “  C6 102 (3 )
° 2  ~  dl  "  °2 110 ( 2 ) C2 -  C3 -  N± 106 ( 2 ) C5 " C6 - C7 131(3 )
G1 “  C2  “  C3 1 27 ( 2 ) Ck -  C3 -  Nj_ 125 ( 2 )
c 2 ~ c 3 r  \  128( 3 )
c6 -  c ? -  c 2 125(3 )
^  The d o t te d  l i n e  r e p r e s e n t s  a  bond betw een  a  y t t r iu m  atom  and 
a  l ig a n d  a t ta c h e d  to  a  d i f f e r e n t  y t t r iu m  atom .
th e  c a rb o n y l oxygen o f
T able  X—C ontinued  
A ngles ( d e g .)
d*100
01cT 1 12 (3 )
°3  C8 C9 103(3 )
°^  -  C8 ~  C9 144(3 )
C8 -  C9 -  G10 101(3 )
°5  ~  C15 _  °6
127 ( 2 )
°5  ”  C15 “  Cl6 113(2 )
°6  _ g 15 _ C 16 120 (2 )
C15 "  C16 -  C17 104.(2)
L igand 2
C8 "  C9 "  C14 139(3 )
G10 -  C9 “  Ci 4 120 (3 )
c9 “  G10 ”  N2 115(3 )
G11 -  G10 -  N2 139(3 )
C9 ”  G10 ~  G11 102(3 )
L igand  3
C15 “  Gl6  "  C21 125(2 )
C17 “  Cl6  “  C21 131(2 )
C16 ”  g17 ~  N3 138(2 )
C18 ~  C17 “  N3 122(2 )





1 2 6 ( 3 )
13M 3)
9 8 (3 )
132(3 )
T able  X—C ontinued  
A ngles ( d e g .)
01 — Y . . . 0 ^ 6 9 .0 (5 )
0 , — Y . . . 0 C
1 5
8 1 . 0 ( 7 )
02 —  Y . . . 0 3 6 9 -7 (5 )
°2 —  Y . . . 0 6 1 5 0 . 6 ( 6 )
o-
01 1CMO 5 3 .5 (7 )
° 3 - y . . .  o6 1 0 7 . 2 ( 6 )
01l 5 7 .9 (7 )
0
 • • ■
>11 7 1 .1 (7 )
°5  “  y . . . ° 6 1 2 7 .M 7 )
°6 -  Y -  °? 9 8 .9 (7 )
ooo
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r e f l e c t  th e  p oo r q u a l i t y  o f  th e  d a ta  s e t .  The s i g n i f i c a n t  d e v ia t io n  
from  th e  i d e a l i z e d  bond le n g th s  o f an  a ro m a tic  r i n g  may be i n  p a r t  
c o n tr ib u te d  by th e  q u a l i t y  o f  th e  d a ta  s e t .
A s im i la r  ty p e  o f  s e v e n fo ld  c o o rd in a t io n  f o r  a  y t t r iu m  atom h as
oo
been  r e p o r te d  f o r  t r i s ( 1 - p h e n y l - 1 ,3 -b u ta n e d io n a to ) a q u o y t t r iu m ( I I I ) .
In  t h i s  s t r u c t u r e ,  th e  m o lecu le s  a r e  monomeric w ith  two m o lecu le s  p e r
u n i t  c e l l .  The /3 -d ik e to n a te  l ig a n d s  wrap a sy m m e tr ic a lly  a b o u t th e  c o -
o
o r d in a t io n  p o ly h ed ro n  w ith  th e  a v e rag e  Y— C>c d e la t e  d i s ta n c e  = 2.28A .
o
The w a te r  m o lecu le  cap s  one f a c e  w ith  a  bond d i s ta n c e  Y— 0 = 2 .24A.
These bonds a re  i n  g e n e ra l  ag reem en t w ith  th o s e  found  i n  th e  Y^gNC^H^
G O O • H^O m odel. The Y— O o ^ e ia te  bonds o f  th e  y t t r iu m  compound a re
o
a ls o  com parab le  w ith  th e  c o rre sp o n d in g  a v e ra g e  v a lu e s  o f  2 .36 (6 )A  and 
o
2 .323(8 )A  o b ta in e d  from  th e  few  r e p o r te d  y t t r i u m ( l l l )  com plexes w ith
52 54 amino a c id s .  ’
A monocapped o c ta h e d ro n  has a ls o  been  r e p o r te d  f o r  a  c lo s e ly  r e ­
l a t e d  lan thanum  e lem en t i n  th e  tr is (d ip h e n y l-p ro p a n e d io n a to )a q u o h o lm iu m  
71compound. In  t h i s  s t r u c t u r e ,  th e  w a te r m olecu le  i s  lo c a te d  on a  
c r y s ta l lo g r a p h ic  t h r e e f o ld  a x is  p a s s in g  th ro u g h  th e  holmium atom , and 
th e  re m a in in g  s i x  oxygens from  th e  l ig a n d s  a r e  a t  th e  c o rn e r s  o f  an  o c ta ­
h ed ron  w hich h as  undergone s u b s t a n t i a l  t r i g o n a l  d i s t o r t i o n .  F o r th e  
t r i s (o r th o - a m in o b e n z o a to )a q u o y t tr iu m ( I I I )  m o le c u le , how ever, th e r e  i s  no 
th r e e f o ld  a x is  b ecau se  one o f  th e  o r th o -am inobenzoate  l ig a n d s  (C^ 
r e v e r s e s  i t s  mode o f  c h e la t i o n  as  i l l u s t r a t e d  i n  F ig u re  10 . T h is  s t r u c ­
t u r a l  f e a t u r e  p ro b ab ly  r e f l e c t s  b o th  i n t r a -  and in te rm o le c u la r  p a c k in g  
re q u ire m e n ts .
A lthough m ost c r y s ta l lo g r a p h ic  s t r u c tu r e  a n a ly s e s  p ro ceed  f a i r l y  
sm oo th ly , t h i s  one p ro v ed  to  be th e  e x c e p tio n . N e v e r th e le s s ,  we f e e l
83
t h a t  th e  p o s tu la te d  s t r u c tu r e  i s  th e  b e s t  model b a sed  on th e  a v a i l a b le  
d a ta .  The s t r u c t u r a l  r e f in e m e n t  was c o m p lic a te d  f o r  s e v e r a l  r e a s o n s ,  
some o f  which c o n t r ib u te d  to  th e  amount o f  e r r o r  w itn e s s e d  i n  th e  f i n a l  
s t r u c t u r e .
The f i r s t  c o m p lic a t io n  was an  overw helm ing c o n t r ib u t io n  o f  th e  
heavy atom  ( y t t r iu m )  to  th e  p h a s in g  o f  th e  s t r u c t u r e .  The n e t  r e s u l t  
was t h a t  th e  l ig h t - a to m  c o n tr ib u t io n s  c o u ld  n o t be d e te rm in e d  v e ry  a c ­
c u r a te ly  and i n  th e  c a se  o f  th e  hydrogen  a tom s, n o t  a t  a l l .  T h is  f a c t  
i s  su p p o rte d  by th e  a c c u ra te  d e te rm in a tio n  o f  th e  p o s i t i o n a l  p a ra m e te rs  
o f  th e  y t t r iu m  atom i n  com parison  w ith  th e  re m a in in g  atom s o f  th e  s t r u c ­
t u r e .  T h is  problem  i s  n o t  e n t i r e l y  u n u s u a l,  and r e c e n t  developm ents in  
th e  a r e a  o f  n e u tro n  d i f f r a c t i o n  have l e d  to  th e  d e te rm in a tio n  o f  l i g h t -  
atom p o s i t io n s  i n  th e  p re se n c e  o f  heavy o n e s , which may have been  d i f ­
f i c u l t  o r  im p o ss ib le  from  X -ray  d a ta .
The p r e s e n t  d a ta  s e t  i s  a l s o  e n t i r e l y  too  sm a ll  f o r  re a s o n a b le  
hydrogen  atom l o c a t io n s .  F o r o v e rd e te rm in a t io n  o f  th e  s t r u c t u r e ,  i t  i s  
su g g e s te d  t h a t  th e r e  be fo u r  o r  f i v e  r e f l e c t i o n s  f o r  ev e ry  a d ju s ta b le  
p a ra m e te r . T h is  amounts to  a p p ro x im a te ly  1900 o b se rv e d  r e f l e c t i o n s  a s  
th e  number n e c e s s a ry  to  a s s ig n  a c c u ra te  hydrogen  p o s i t i o n s .  A-. d a ta  s e t  
tw ice  th e  c u r r e n t  s i z e  would be needed . T h e re fo re  due to  th e  s i z e  and 
q u a l i ty  o f  th e  e x i s t in g  d a ta  s e t ,  th e  p o s i t i o n s  o f  th e  hydrogen  atom s 
can o n ly  be i n f e r r e d  from  i n d i r e c t  ev id en ce  such  a s  p ro b a b le  bonding 
schem es. The copper compound e x h ib i t s  hydrogen  bo n d in g , s u g g e s t in g  a  
s im i la r  p a t t e r n  f o r  th e  y t t r iu m  compound. I t  i s  e n t i r e l y  p o s s ib le  t h a t  
th e re  i s  hydrogen  bond ing  betw een th e  amino n i tro g e n s  and th e  oxygen o f 
th e  w a te r  m o le c u le s , a lth o u g h  th e  p r e s e n t  d a ta  i s  n o t a c c u ra te  enough 
to  e n a b le  v e r i f i c a t i o n .  The bond d i s ta n c e s  betw een N ( l ) — 0 (7 )  and
&h
o
N (2)— 0 ( 7 ) a r e  2 .1 6  and 3»^5A, r e s p e c t iv e ly .  These le n g th s  a r e  o u ts id e
th e  ra n g e  found  f o r  hydrogen  bonds betw een amine g roups and oxygen ( 2 .5 7 -  
o
3.22A ) b u t a  b e t t e r  d a ta  s e t  may p rove o th e rw is e .
F u r th e r  c o m p lic a tio n s  were cau sed  by th e  c e n te re d  sp a ce  g ro u p , C2/c 
The y t tr iu m  atom s lo c a te d  i n  e ig h t  g e n e ra l  p o s i t io n s  were s u p p o rte d  by 
c o rre sp o n d in g  v e c to r  lo c a t io n s  on th e  P a t te r s o n  map. However, th e  rem a in ­
d e r  o f  th e  P a t te r s o n  map was ex tre m e ly  crow ded w ith  numerous o v e r la p p in g  
peaks e n a b lin g  f u r t h e r  i d e n t i f i c a t i o n  a s  im p o s s ib le . W ith a  c e n te re d  
space  g roup i t  p ro v ed  f r u i t l e s s  t r y in g  to  s o lv e  th e  s t r u c tu r e  by " D ire c t  
M ethods". The o n ly  s u c c e s s fu l  m ethod f o r  a  s o lu t io n  by t h i s  means would 
have been  to  c o n v e r t  th e  c e n te re d  c e l l  to  a  p r im i t iv e  c e l l .  A t th e  t im e , 
t h i s  c o n v e rs io n  p ro c e s s  was beyond our com puting c a p a b i l i t i e s .  C onsequent 
l y ,  th e  a s s ig n e d  sp ace  group l e d  to  a  v e ry  com plex u n i t  c e l l  c o n ta in in g  
256 non-hydrogen  atom s a s  shown i n  F ig u re  Ik .
In  a d d i t io n  to  th e  c e n te r in g  i n  th e  s t r u c t u r e ,  th e  y t t r iu m  com plex 
c o n ta in s  a  l a r g e  a n is o t r o p ic  e lem en t. T h is  i s  a p p a re n t i n  th e  r a d i c a l  
d e c re a se  i n  th e  R - f a c to r  from  0 .259  f o r  a l l  atom s w ith  i s o t r o p ic  tem per­
a tu r e  f a c t o r s ,  to  an  R - f a c to r  o f  0.081 w ith  a n is o t r o p ic  te m p e ra tu re  f a c ­
t o r s .  U n fo r tu n a te ly , a  th e rm a l e l l i p s o i d  draw ing  o f  th e  y t t r iu m  com plex 
i s  n o t a v a i l a b le  to  f u r t h e r  s u p p o r t  t h i s  c la im . Such a  d raw ing  r e p r e s e n t s  
each atom a s  an  e l l i p s o i d ,  th e  d im ensions o f  which show th e  e x te n t  o f  a n ­
i s o t r o p ic  v ib r a t io n  f o r  th e  atom . I t  i s  p o s tu la te d  t h a t  a  d raw ing  o f 
t h i s  ty p e  would show th e  y t t r iu m  atom a s  a  v e ry  e lo n g a te d  e l l i p s o i d  s in c e  
th e  th e rm a l m otion  o f  th e  y t t r iu m  i s  und o u b ted ly  r e l a t e d  to  i t s  n a tu re  
o f  c o o rd in a t io n .  The rem a in d e r oxygen, n i t r o g e n ,  and  c a rb o n  atom s would 
a ls o  e x h ib i t  a  f a i r  amount o f  a n is o t ro p y . The atom s o f  th e  p h en y l r in g s  
would have d i f f e r e n t  shaped  e l l i p s o i d s  depend ing  on t h e i r  l o c a t io n  w ith in
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th e  r in g .  F o r example atom s on th e  o u t s k i r t s  o f  th e  m o le c u le s , i . e . ,
G (^ ), C (5 ) , C (6) would e x h ib i t  l a r g e  th e rm a l d is p la c e m e n ts , g e n e ra l ly  
w ith  th e  l a r g e s t  d im en sio n  o f  th e  e l l i p s o i d  p a r a l l e l  to  a  bond. Where 
th e  number o f  bonds to  a n  atom  in c r e a s e s  (bonds to  hydrogen  n o t  in c lu d e d ) ,  
th e  e l l i p s o i d  would be more s p h e r ic a l  i n  shape  (c(2) and C (3 ))  due to  a  
d e c re a se  i n  th e rm a l v ib r a t io n .
Ih e  s t r u c t u r e  o f  t r i s ( o r th o -a m in o b e n z o a to )a q u o y ttr iu m (I II )  i s  
un ique  i n  t h a t  i t  r e p r e s e n t s  a  v e ry  uncommon c o o rd in a t io n  geom etry— 
sev en  c o o rd in a te .  In  a d d i t io n ,  th e  r a r i t y  o f  r e p o r te d  s t r u c tu r e s  o f 
y t t r iu m  makes th e  knowledge o f  th e  bond ing  i n  t h i s  model even more v a lu ­
a b le .  The s t r u c t u r e  o f  t h i s  y t t r iu m  complex p ro b a b ly  r e p r e s e n t s  one o f 
th e  f i r s t  r e p o r te d  y t tr iu m  amino ac id , com plexes where b o th  oxygens o f 
th e  c a rb o x y la te  a r e  a c t iv e  i n  bonding . An u n u su a l f e a t u r e  i s  t h a t  each 
o f  th e  s i x  bond ing  c h e la te  oxygens o f  th e  d i s t o r t e d  o c ta h e d ro n  b e lo n g  to  
a  d i f f e r e n t  o r th o -am inobenzoate  l ig a n d .
P re lim in a ry  in v e s t ig a t io n s  o f  o th e r  members o f th e  s y n th e s iz e d  
m e ta l a n t h r a n i l a t e  group a r e  c u r r e n t l y  i n  p r o g re s s .  The b is (o r th o -a m in o - 
b e n z o a to ) z in c ( l l )  c r y s t a l l i z e s  i n  th e  sp a ce  group P 2^/c  w ith  fo u r  m ole­
c u le s  p e r  u n i t  c e l l .  T h is  i s  n o t s u r p r i s in g  s in c e  th e  powder d i f f r a c t i o n  
p a t t e r n  o f  th e  z in c  complex i s  e x tre m e ly  s im i la r  t o ,  b u t  n o t  i d e n t i c a l
w ith  t h a t  o f  th e  co p p e r com plex . The l a t t i c e  c e l l  c o n s ta n ts  m easure:
°  °  o 0
a  = 9.3QA,  b  = 5-23A, c = 26.25A , and ft = 90 .8 6  . A d a ta  s e t  o f  app rox ­
im a te ly  ^00 o b se rv e d  r e f l e c t i o n s  h as  been  c o l l e c t e d  w ith  a  S y n tex  P2^ 
a u to m a tic  d i f f r a c to m e te r  u s in g  Mo r a d i a t i o n .  T h is i s  an  im provem ent 
o v e r  th e  c o l l e c t i o n  o f  i n t e n s i t y  d a ta  from  p h o to g ra p h ic  f i lm s  and sh o u ld  
in tro d u c e  l e s s  e r r o r  i n to  th e  s t r u c t u r e  a n a ly s i s .  The u n i t  c e l l  param e­
t e r s  o f  th e  t r i s (  o r th o -a m in o b e n z o a to ) la n th a n u m (III)  have a l s o  been  mea­
s u re d . U nlike, th e  p re v io u s  com plexes, th e  lan thanum  com plex a p p e a rs  to
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c r y s t a l l i z e  i n  a  h ex ag o n al sp ace  g ro u p , P6^22 o r  P 6ym  w ith  e ig h t  m ole-
o o
c u le s  p e r  u n i t  c e l l .  Ih e  l a t t i c e  c o n s ta n ts  a re s  a  = b = 21.62A , c = 7 .6 ? A, 
°< = P = 9 0 . 0° ,  and y = 6 0 .0 ° .  The s o lu t i o n  o f  t h i s  s t r u c t u r e  would 
p ro v id e  an  i n t e r e s t i n g  com parison  w ith  th e  r e p o r te d  s t r u c t u r e  o f  th e  
t r i s (o r th o - a m in o b e n z o a to )a q u o y t tr iu m ( I I I )  com plex.
APPENDIX
X-Ray Powder P a t te r n s
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Table XI
X -ray Powder D if f r a c t io n  Data f o r  Z^HgNCgH^COO)^
dh k l  A
a
I n t e n s i t y h k l "hKL X I n t e n s i t y h k l
13 .23 VS 002 2 .0 8 VW 225
10 .8 0 VVW - 2 . 0  5 w 414
6 .6 5 M 004 1 .9 8 6 w 415 ,322
4 .  83 VW 012 1 .9 2 6 VW 324
4 .4 7 VS 1 1 1 ,2 0 2 1 .8 8 6 W ' 325
4 .0 7 W 113 1 .854 w 502
3 .8 5 M 204 1 .7 2 5 w 422 ,513
3 .4 8 M 210 1 .6 8 1 w 133 ,424
3 .3 5 S 212 1 .617 VW 232
3 .0 5 W 214 1.511 VW 332
2 .91 W 215
2 .5 7 M 313
2 .4 9 M 314
2 .3 8 M 315
2 .2 8 W 220
2 .2 4 M 222
2 .1 2 .S 412






|  T ab le  X II
X -ray  Powder D i f f r a c t io n  D ata  f o r  Y^gNC^H^COO)^ ■ HgO
<3-1.71 A h k l I n t e n s i t y h k l
14 .7 8 VS 200
1 2 .0 6 S (b ro a d ) -
7-94 VS I l l
6 .9 5 M 002
6 .0 1 W 402
5 .4 5 S 312
4 .9 5 M 510
4 .4 4 - S 402
3 .6 2 S 512
3-3 7 M 223
2 .9 4 M 132
2 .7 3 W 115,423
2 .5 5 M 514
2 .3 6 W 334
2 .1 7 W 440
2 .1 0 w 242
1 .992 VW 243
1.930 VW 444
1 .705 VW 352
1.512 VW 155
Table X III
X -ray Powder D if fr a c t io n  Data fo r  La(HoNCrHi.C00)
o
^ h k l A I n te n s i t y h k l
8 .8 0 VS 34-1,311
6 .2 3 S 300
5-4- 3 S 1 0 1 ,2 2 0
4 .6 6 M 400





3 .1 9 S 1 0 2 ,1 1 2
3-09 M 112,333
2 .9 5 S 042,122
2 .81 W 241,352
2 .6 9 w 440
2.54- M 434
2.4-5 M 341
2 .3 7 M
CMO
1
2 .2 6 W 244
o
dh k l  A I n t e n s i t y h k l
2 .21 W 242,113
2 .1 3 W 104
2 .0 8 W 332
2 .0 3 W 305,335
1 .9 4 2 VW 506,556
1 .8 4 2 VW 352,215
1 .7 0 4 VW 054
1 .6 5 7 VW 125
92
Table XIV
X-ray Powder D if fr a c t io n  Data fo r  Mn(HgNG^H^G00
d hKL A I n t e n s i t y d» t n A h k l
12.98 VS 2.17
9 .70 M 2.12
6.62 M 2.07
5-49 VW 2.03
4 .5 3 VS 1.986
42 M 1.917










2 .4 5 M
2.38 M
2.25 W












X -ray Powder D if fr a c t io n  Data fo r  Cot^HgNCgH^COO^
o  o
d h k l  A I n t e n s i t y d h k l  A I n t e n s i t y
13-33 VS 2.24- M
6.59 M 2.21 W
4-.84- W 2.12 M
4-.4-6 VS 2.09 M
4-.31 S 2.04- W
3.99 M 2.01 W
3.84- M 1.936 W
3.4-6 M 1.889 W
3.36 S 1.861 M
3 .15 VW 1.776 VW
3.03 VW 1.728 w
2.93 VW 1.684- w
2.80 VW 1.631 w
2.69 M 1.599 VW
2.56 M 1.575 VW
2.4-9 M 1.512 VW
2.4-1 W 1.4-91 VW
2.37 M 1.4-53 VW
2 .28 M 1.328 VW
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Table XVI
X -ray Powder D if fr a c t io n  Data f o r  N^HgNCgH^COO)^
°  o
A I n t e n s i t y  ^ h k l  ^  I n t e n s i t y
13.17 VS 2 .68  M
10.51 M 2 .5 8  W
6.59 M 2 .54  M
4 .8 4  M 2 .48  M
4 .46  VS 2 .36  M
4 .3 0  S 2 .26 M
4 .0 9  M 2 .23  M
3.99 w 2.19 W
3.81 S 2 .10  VS
3 .45  S 2 .06  M
3.34  VS 1.971 M






T a b le  X V I I
X - r a y  P o w d e r  D i f f r a c t i o n  D a t a  f o r  C d^gN C gH ^C O O )^
o o
d ^ j ^  A I n t e n s i t y  ^ h k l  ^  I n t e n s i t y
12.97  VS 2.11 VW
6.69  S 2 .05  M
5.79 M 1.868 M
5.11 M 1.814- M
4 .8 3  M 1.769 M
4 .56  VS 1.714 w
3.97  M 1.472 VW
3.56 M - 1.371 W
3.45  S






2 .1 7  M
Computer Programs
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The purpose o f  th is  s e c t io n  i s  to  aquaint the crysta llograp h er  
w ith a few b a sics  o f  the computer to  enable rapid and convenient data  
m anipulation on d isk . Currently a l l  needed crysta llo g ra p h ic  computer 
programs are stored  on cards and may be run with magnetic tapes on 
batch , i f  the user w ishes. This method i s  suggested i f  the program 
needs only to be run once or tw ice. For m u ltip le  runs o f the same 
program, fo r  example NRC10, the le a s t  squares b lock diagonal program, 
the most e f f ic ie n t  method i s  to  s to re  the program and any data f i l e s  on 
d isk . This avoids unnecessary wear and tear  on the card decks, frequent 
card reader errors due to  poor card reader equipment, and time wasted 
w aiting fo r  magnetic tape d r iv e s . The NRC10 program requ ires three  
magnetic tapes in  order to  run.
I n i t i a l l y ,  any card program in  the cry sta llo g ra p h ic  computing f i l e  
can be read in to  the u ser 's  d isk  area with the fo llo w in g  co n tro l cards.
$ JOB
$ PASSWORD




.LOAD NRCIO.FOR See Note 2
$EOJ
— Note 1 — Ihe program name i s  entered here.
— Note 2 — This s tep  com piles the program and
sto r e s  both the FORTRAN and REL f i l e  
in  the d isk  area.
Once the program i s  on d isk , the only cards needed fo r  the computation 
are the data cards. To i l lu s t r a t e  the m anipulation o f  data f i l e s  by th is  
method, three examples o f the most freq u en tly  used programs w i l l  be pre­
sented . The user should note th at th ese  in stru c tio n s  are in  ad d ition  to  
the in stru c tio n s  ou tlin ed  in  the crysta llograp h ic  computing manuals. I t
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i s  hoped th at the storage o f interm ediate data f i l e s  on d isk , rather  
than magnetic tape, w i l l  save lo th  time and money.
The f i r s t  example i s  the Data Reduction and Tape Generation pro­
gram, NRC2M.F0R. This program has been m odified to  read the data f i l e  
from d isk . The program arranges a l l  the data o f  a g iven  c r y s ta l s tr u c ­
ture in to  appropriate l i s t s  which are recognized by the other NRG c r y s ta l­
lographic programs. This data f i l e  i s  stored  as a permanent record on 
magnetic tap e, but may a lso  be stored  on d isk  during a l l  interm ediate  
stages  o f  the s tru c tu ra l refinem ent. Depending on the number o f stored  
r e f le c t io n s ,  the program deck may in vo lve  3000-4000 cards. For th is  
reason, i t  i s  suggested  that the program be loaded in  three s ta g e s .
1 . Load the main program, NRC2M.F0R in to  the u se r 's  d isk  
area.
2 . Prepare the data cards according to  the u se r 's  manual 
and d iv id e  in to  three f i l e s ,  load ing each sep a ra te ly .
Once loaded these f i l e s  are strung together as one f i l e .
F i le  1 -  a l l  data cards except the r e f le c t io n s .
F i le  2 -  a l l  r e f le c t io n  cards.





YTTRIUM ANTHRANILATE NRC2M PROGRAM 
TAPES 0 0 17 070201 0
070001DIRECT0RY 06 0101 0201 0301 0401 0501 0601
07O1O1CELL 30.898 9 .O96 14.854 9 O. Ol O9 . 3 9 O . O l . 54i 8 
F ile  1 070201SYMMETRY 02 03 1 7 2
070201SYM.
01 1 0 0 0 1 0 0 0 1 0/1 0/1 0/1
02 -1 0 0 0 1 0 0 0-1 0/1 0/1 1 /2
01 1 02 01 02
02 1 01 01
03 0 02 01 02
23136. 21725. I 8563. 153^1- 12279- 10406.
8128. 6577. 5710.




O7O3 OIFORMFAC TORS 08
Y-CURVE 0 1 3 9 .O 3 7 .9 3  3 5 .6 2  3 3 -2 0  3 O.9 3  28 .79  26 .79
24 .96  23-34
Y-CURVE 0 2 20 .61  18 .39  1 6 .4 4  14 .6 6  13 .0 2  11 .56  10 .29
9 .2 3  8 .3 5
YAD-CURVE 0 1 3 8 . 3  3 7 -2 3  3 4 .9 4  3 2 .5 0  3 0 .2 3  2 8 .0 9  2 6 .0 9
24 .2 6  2 2 .6 4
YAD-CURVE 0 2  1 9 .9 1  17 -6 9  15-74  1 3 .9 6  1 2 .3 2  1 0 .8 6  9 .5 9
8 .5 3  7 .6 5
YAD-CURVE 1 1 2 .3  2 .3  2 .3  2 .3  2 . 3  2 . 3  2 .3  2 . 3  2 .3
YAD-CURVE 1 2 2 .3  2 . 3  2 .3  2 . 3  2 . 3  2 .3  2 . 3  2 .3  2 . 3
0-CURVE 0 1 8 .0  7 .8 0 5  7 .276  6 .5 3 8  5 .7 2 8  4 .9 4 4  4 .2 4 3
3 .6 4 5  3 .153
0-CURVE 0 2 2 .2 2 4  2 .0 1 7  I .7 5 7  I .5 9 2  1 .4 7 7  1 -385 1 .3 0 4
1 .2 2 7  1.151
C-CURVE 0 1 6 . 0  5 .7 5 7  5 .141  4 .3 8 3  3 .6 6 2  3 .0 6 3  2 .6 0 1
2 .2 6 1  2 .0 1 7
C-CURVE 0 2 1.719  1 .5 5 3  1 .436  1 .3 3 2  1 .229  1 .1 2 7  1 .0 2 6
O.929  0 .8 3 7
N-CURVE 0 1 7 . 0  6 .7 8 4  6 .2 1 1  5 .4 5 3  4 .6 6 7  3 .9 5 4  3 .3 5 5
2 .8 7 5  2 .5 0 5
N-CURVE 0 2 2 .0 1 2  1 .7 3 6  1 .571  1 .4 5 7  1 .3 6 1  1 .2 7 3  1 .1 8 5
I .099  1 .014
H-CURVE 0 1 1 . 0  O.9 4 7  0 .8 1 1  0 .641 0 .481  0 .3 5 0  0 .251
0 .1 8 0  0 .1 3 0
H-CURVE 0 2 0 .071  0 .0 4  0 .024  0 .0 1 5  0 .01
070401  PARAMETERS 1 0
070401 Y 1 0 .2 5  0 .4 8  0 .2 0











F i l e  8 $DECK F0R22.DAT
J 070601  99  99  99
$E0D
$EOJ
W hile th e  u s e r  i s  lo g g ed  in to  a  t e r m in a l ,  th e  th r e e  d a ta  f i l e s  a re  
s tru n g  to g e th e r  w ith  th e  command: .COPY F0R20.DAT = FOR01.DAT, F0R21.DAT,
100
F0R22.DAT. By typing .TYPE FOR20.DAT and .TYPE NRC2M.F0R, the user  
may obtain  an immediate d isp lay  o f the e n tir e  data f i l e  and a copy o f  
the FORTRAN l i s t i n g  o f the program. Data f i l e s  not needed a t th is  poin t 
may be d e le ted  by typing .DELETE F0R01.DAT, F0R21.DAT,F0R22.DAT. To 












— Note 3 — The proper tape number assigned
by Computer S erv ices  i s  in ser ted .
— Note 4 — The number o f the data f i l e  (FOR20.
DAT) i s  punched in  columns 1 and 2.
The second example i l lu s t r a t e s  the block diagonal le a s t  squares 
refinem ent program, NRCIOM.FOR. This m odified program i s  a f if ty - tw o  
atom version  which c a lc u la te s  stru ctu re fa c to r s ,  r e f in e s  p o s it io n a l and 
thermal parameters, occupation fa c to rs  and the o v e r a ll s c a le  by the block  
diagonal le a s t  squares approximation. To e lim in ate the mounting o f three  
magnetic ta p es , the program has been a lter ed  to  operate e n tir e ly  from 
d isk  except fo r  the i n i t i a l  run which s e t s  up the data f i l e .  This e l im i­
nates retyp in g  or punching the parameters data deck a f te r  each c y c le .
Once again the program NRCIOM.FOR i s  loaded in to  the u ser 's  d isk  area.
One magnetic tape drive i s  needed fo r  the NRC2M input, but the other tapes 






.MOUNT MTA:l6/REELID:X0 /WE See Note 5
.ASSIGN ESK 1?
.ASSIGN E6 K 18 
$DATA
0221 See N ote 6
Y-ANTHRANIIATE ISOTROPIC REFINEMENT
TAPES 1 0 16 070201 18 17 071009 See Note 7
070001DIRECTORY 07 0101 0201 O3 OI 0*U1 0*H2 0501 0612 
07 SFIS 1 11 12 111111000 1 .0  2520. 6 .01










— Note 5 — I n s e r t  th e  p ro p e r  ta p e  number o f  th e
NRC2M o u tp u t  ta p e .
— N ote 6 — T h is  r e p r e s e n t s  th e  code g iv e n  to  in p u t
and o u tp u t  d a ta  f i l e s  f o r  th e  p a ra m e te r  
c a r d s .  02 means th e  in p u t  p a ra m e te rs  
a re  on c a r d s ,  21 means th e  o u tp u t f i l e  
i s  F0R21.DAT on d i s k .
— Note 7 — The ta p e s  c a rd  m ust have th e  a p p ro p r ia te
codes f o r  th e  in p u t  NRC2M ta p e  and th e  
o u tp u t  NRC10M ta p e .
— Note 8 — The o u tp u t  d a ta  f i l e  sh o u ld  he c o p ie d  to
a n o th e r  PPN w ith  a d e q u a te  s to r a g e  sp a c e .
The o u tp u t  f i l e  i s  F0R17.DAT and i s  changed 
to  F0Rl6.DAT f o r  th e  n e x t in p u t  f i l e .
S u b seq u en t c y c le s  o f  NRCIOM.FOR r e q u i r e  o n ly  a  few  m o d if ic a tio n s
f o r  o p e ra t io n  to  be e n t i r e l y  on d i s k .  The mount and d ism ount ta p e  c a rd s
a re  rem oved. An ASSIGN DSK 16 and a  .COPY F0Rl6.DAT = F0R16 . DAT £
>
! a re  needed to  t r a n s f e r  th e  new NRC10M d a ta  f i l e  to  th e  u s e r 's
d i s k  a r e a .  The ta p e s  c a rd  m ust have th e  p ro p e r  code f o r  th e  in p u t  from  
NRC10M, i . e .  O7IOO9 . The o n ly  o th e r  change i s  th e  a p p ro p r ia te  code f o r  
th e  p a ra m e te rs  c a rd  f i l e .  The c a rd  which would be in p u t  i n to  th e  c y c le  
fo llo w in g  th e  exam ple would r e a d  2122, m eaning in p u t  from  F i l e  21 and
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o u tp u t  on F i l e  22. These f i l e s  a l t e r n a t e  s in c e  th e  o u tp u t  f i l e  o f  one 
c y c le  becomes th e  in p u t  f i l e  f o r  th e  n e x t c y c le .  Any tim e th e  u s e r  w ishes 
to  have a  punched c a rd  o u tp u t  o f  th e  p a ra m e te r  c a r d s ,  th e  fo llo w in g  com­
mand m ust be g iv e n  on a  te rm in a l :  .CPUNCH F0R21.DAT.
The l a s t  exam ple i l l u s t r a t e s  th e  F o u r ie r  sum m ations program  which 
com putes a  3 -0  P a t te r s o n ,  F o u r ie r ,  o r  F o u r ie r  d i f f e r e n c e  map f o r  a l l
sp a ce  g ro u p s . A l l  o p e ra t io n s  a r e  c a r r i e d  o u t  on d i s k  u s in g  th e  d a ta  f i l e
F0Rl6.DAT from  th e  NRCIOM.FOR program . The program , NRC8.F0R i s  lo ad e d  
in to  th e  u s e r 's  a r e a ,  th e  a p p ro p r ia te  d a ta  c a rd s  a re  punched , and th e  
l a s t  f i l e  from  NRC10M i s  c o p ie d  in to  th e  u s e r 's  PPN from  a n o th e r  PPN 




.COPY F0Rl6.DAT = F0Rl6.DAT 4  , ' See Note 9
.ASSIGN E6 K 16 See Note 10
$DATA
FOURIER DIFFERENCE MAP Y-ANTHRANILATE 
TAPES 16 071009 See N ote 11
070702FOURIER MAP 0 1 3 01 OO5 . 9  0 .9 8  04 000 .40  0 01 04
070702PARITY GROUPS 2 2  1 2 1 2 1 2 1 2  2 0 9 6 . 11
070702SIGNS OF TERMS 3 1 2  00 10
070702SIGNS OF TERMS 3 2 2 10 11
0707021^10  FUNCTIONS 4  1 2 111 212
070702TRIG FUNCTIONS 4  2 2 221 122
070702REJECT + PRINT 5 0 0 150








— Note 9 — Pf "the d a ta  f i l e  exceeds 150 b lo c k s ,  i t
m ust be s to r e d  u n d er a  r e s e a r c h  PPN.
T h is s ta te m e n t  c o p ie s  th e  f i l e  i n to  th e
u s e r 's  d i s k  a r e a .
— Note 10 — An ASSIGN s ta te m e n t  a s s ig n s  th e  f i l e  to
d is k  r a t h e r  th a n  a  m agnetic  ta p e  u n i t .
— Note 11 — The ta p e  u n i t  m ust be a s s ig n e d  th e  c o r ­
r e c t  code even  thopgh  i t  i s  n o t  u sed
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— Note 11 — c o n tin u e d ; because  th e  d i s k  a r e a  m ust 
be l a b e l l e d .
The c r y s t a l l o g r a p h e r , once f a m i l i a r  w ith  th e s e  few  s im p le  commands 
i l l u s t r a t e d ,  sh o u ld  f i n d  d a ta  m a n ip u la tio n  on d i s k  r e l a t i v e l y  s im p le .
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